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Electronic Plating Tips 


you can profit from! 


You know BaA® Metal Fluoborates speed plating 
at lower costs. Now here are some other 
advantages you shouldn’t overlook. 


= © 
BsA Fluoborates Improve Printed Circuits... Need an 
effective stop-off for etching? Use a lead-tin alloy from 
B&A fluoborate solutions. The deposit is readily soldered 
even after plated part has been stored for a long time— 
and more reliable assembly results. 


C) Plated wiring calls for B&A copper fluoborate. It gives 
high speed deposition, with minimum maintenance and 
control problems. 


(1) An active undercoat for precious metal deposits in 
printed circuits is nickel from B&A nickel fluoborate. The 
bath is simple to prepare and maintain, is stable, offers 
excellent control, 
ee ee 
Bs&A Metal Fluoborates come in concentrated solution 
form. Baths made from these fluoborates have excellent 
stability, are easily maintained ... have good covering 
power... give fine-grained deposits of good color. For 
technical data as it applies to your application, just drop 
us a note, or ask to have a B&A representative call, 


llied 


® 
BAKER & ADAMSON 
Plating Chemicals 


hemical 


Tin-Plated Semiconductor Components ... T2 
fluoborate baths are used to plate semiconductil 
components—not only for high plating rate 
but to improve reliability during assembly 
well. Reason: Tin deposited from B&A fluobo: 
ate solutions is readily soldered. Plating is eas* 
too. The bath is practically self-sustaining, 

operated at room temperature, and control . 
simple. In deposits where a lower melting poiri 
is desired, a lead-tin alloy is used. For othe 
electronics applications, B&A cadmium flue 
borate and indium fluoborate offer similar aq 
vantages to those listed above, 
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Another example of Hevi-Duty Engineering Ingenuity 


ew conveyor furnaces feature smooth, vibration- 
ree belt travel to improve quality, reduce rejects 


eaturing a shock-mounted conveyor drive and a spe- 
ally designed electronic speed control system, these 
aw furnaces from Hevi-Duty promise greater yield 
r the semiconductor industry. 

The new Hevi-Duty conveyor furnaces are attrac- 
ely styled to fit into a modern production setting. 
On the large unit, designed for alloying, controls are 
nveniently grouped for each zone. The seven pyrom- 
ers which provide automatic temperature control are 
ounted at eye level. Power controls are neatly recessed 
the base and protected by doors to prevent accidental 
sturbance of power settings. 

The unit operates up to 1000°C, has ten control zones 
d is equipped with nitrogen end caps. These end caps 
arantee minimum hydrogen requirement for low dew- 
int and eliminate hydrogen flame around the work. 
The smaller furnace below is designed for soldering 


and alloying. This unit operates to 1000°C with four 
circuits and has four variable transformers regulated 

by two saturable core reactor systems. an 
Get full information about these furnaces or other 
Hevi-Duty batch or automatic furnaces for semicon- 
ductor heat processing needs: reduction and casting, 
diffusion, melting, oxidizing, deposition, alloying, 
soldering, decarburizing, glassing. Call your Hevi-Duty 
sales engineer or write to Hevi-Duty, Watertown? Wis. 
e -H-30-61 


Hevi-Duty 
Electric Company, 
Watertown, Wis. 


_HEVI-DUTY 
Electele and Fuel-Fired 


Industrial Furnaces and Ovens 
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The outstanding purity of Merck Re- 
agent Chemicals for Electronic Use 
has helped many electronic com- 
ponent manufacturers shrink their 
volume of rejects to a new low. One 
of the secrets to this success is 
Merck’s new technique for resistiv- 
ity measurements to detect and reg- 
ulate trace impurities. Control of 
these impurities eliminatesa sizable 
number of component failures and 
rejects. ¢ 

Merck Chemicals for Electronic 
Use, such as solvents, 30% perox- 
ides, acids, etc., are available in 
large lots for production lines or 
small quantities for applications re- 
quiring only ounces. Information on 
any of the Merck Reagent Chemicals 
for Electronic Use can 
be obtained from your mM 
local Merck Distributor, 4 LN 
orbydroppingusanote MERCK 


at the address below. wy c df 


LABORATORY CHEMICALS DEPARTMENT 


MERCK CHEMICAL DIVISION 
MERCK & CO., INC. - RAHWAY, NEW JERSEY 
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Front Cover 


Electron beam processing holds promise as a technique for fabri- 
cating semiconductor devices, according to Dr. Wolfgang W. 
Gaertner, Vice President, Solid State Physics Branch at CBS 
Laboratories. The fabrication of a novel microjunction diode dem- 
onstrates that electron beams and ion beams can be used to form 
aluminum-silicon junctions with excellent electrical characteristics. 
In the process thin metal films are deposited under vacuum in 
controlled thicknesses from 2,000 angstroms (approximately 254,- 
000ths of an inch) to 2 microns (10,000 times larger, or roughly 
25,000ths of an inch). 2% ai 
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vapor-deposited 
pitaxial Silicon Wafers 

on stream 

at New Merck Plant 


oroduction quantities available from pioneer in hyper-pure silicon 


<q Photomicrograph of oblique cross section of an 
epitaxial three-layer silicon wafer with the configura- 
tion P+N on an N+ substrate. 


For improved device characteristics you can rely on Merck Epitaxial Wafers with their superior surface finish, precise 
layer thickness control and uniform resistivity profile. You can also reduce saturation voltage and improve switching 
characteristics. Device potential is practically unlimited. 


There’s no need to wait for these benefits. Merck 
Epitaxial Silicon Wafers in production quantities are 
immediately available in N*N and P*P configura- 
tions. For details write, wire or phone today. 
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SIGMUND COHN CORP. 3 


Metals and Products For Use in-the 


SEMI-CONDUCTOR FIELD 


This organization is in a most advantageous position 
to meet the needs of the Semi-Conductor Industry for 
Gold, Platinum, other metals and alloys. Since 1901, 
we have earned and held recognition as leaders in 
the manufacture of precious metal products. 


Made in the form of wire, ribbon, sheet and stampings, 
to meet specifications. Gold wire is available as small as 
.0005” .. . Our continuous rolling process provides Gold 


GOLD AND GOLD 
ALLOYS 


or Gold alloy ribbons — some to thickness of only .0003” 
Gold wire may be accurately doped by addition of 
GROUP III or GROUP V doping agents. 


Platinum is available in wire, sheet and ribbon of various 
degrees of purity. Platinum alloy ribbons of high tensile 


PLATINUM AND 
PLATINUM ALLOYS 


strength — embossed or sandblasted —are excellent for 
. . The #479 alloy (8% Tungsten, 92% 
Platinum) has high re-crystallization temperature — retains 


spring contact . 


its spring characteristics. 


GOLD IMMERSION 
PLATING SOLUTIONS 


A new, excellent bath for immersion plating will put a 


thin, bright, corrosion-resistant deposit of pure Gold onto 


most metals. 


PLATINUM AND 

~PLATINUM-RHODIUM | 
THERMOCOUPLE 
WIRE 


Every step of production conducted in our plant, assuring 
careful supervision and control. Both Platinum ys. 13% 
Rhodium-Platinum and Platinum vs. 10% Rhodium-Platinum 
are produced in diameters as small as .001”, 


Obtainable in a very wide variety of sizes to meet exact- 


BASE METAL 
RIBBON 


ing specifications. Electroplated, with base or precious 


metals to close tolerances. 


GOLD AND | 
 DOPED-GOLD DISCS 


Physical properties held to close limits; surface condition 
and purity adhere to highest standards. Doping and 


dimensions rigidly held to your specifications. 


Such as Copper or Nickel — may be plated with Tin, Gold, 


ELECTROPLATED 
LEAD WIRE 


Indium or Platinum. Multiple plating of several different 


metals presents a great range of practical combinations... 


Write for latest Brochure. 
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20/ 20 imaginatio 


HIGH TEMPERATURE CERAMICS * GLASS-METALSEALS * METALLIZED PARTS + 


CERAMIC SEALS AND HEADERS * MICROMINIATURE SUBSTRA 
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A SUBSIDIARY OF 


Imagination without purpose is fantasy. Imagination applied to 

a ceramic problem is progress. At CFI more than 70 years of 

combined electronic and ceramic experience enable us to apply 

20/20 imagination to the solution of ceramic problems in 
electronic components, atomic energy, aviation, metal working. ® ALLOYS 
We believe this kind of imagination can help you. May we try? UNLIMITED 


& 


GE ~~ 
e * INC. 


CFI CORPORATION 


Ceramics For Industry, Cottage Place, Mineola, New York ¢ Tel. Ploneer 6-0571 


LIES * TUNNEL DIODE HOUSINGS * MICROMODULAR FORMS «+ (SERIES 9000) BRAZING AND ALLOYING JIGS * CERAMIC STUD BASES FOR RECTIFIERS 
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ELECTRONIC 
CHEMICALS 


Acetic Acid, Glacial 
Acetone 

Aluminum Nitrate 
Aluminum Sulfate 
Ammonium Carbonate 
Ammonium Chloride 
Ammonium Hydroxide 
Ammonium Phosphate 
Antimony Trioxide 
Barium Acetate 
Barium Carbonate 
Barium Fluoride 
Barium Nitrate 
Benzene 

Boric Acid 

Cadmium Chloride 
Cadmium Nitrate 
Cadmium Sulfate 
Calcium Carbonate 
Calcium Chloride 
Calcium Fluoride 
Calcium Nitrate 
Calcium Phosphate 
Carbon Tetrachloride 
Cobalt Carbonate 
Cobalt Oxide 

Cobalt Nitrate 

Ether, Anhydrous 
Hydrochloric Acid 
Hydrofluoric Acid 
Hydrogen Peroxide, 
30% and 3% Solution 
Lithium Carbonate 
Lithium Chloride 
Lithium Nitrate 
Lithium Sulfate 


Magnesium Carbonate 
Magnesium Chloride 
Magnesium Oxide 
Manganese Dioxide 
Manganese Nitrate 
Manganese Sesquioxide 
Mangenous Carbonate 
Methanol 

Nickel Carbonate 
Nickel Oxide, Black 
Nicke! Oxide, Green 
Nickelous Chloride 
Nickelous Nitrate 
Nickelous Sulfate 
Nitric Acid 

Petroleum Ether 
Potassium Dichromate 
Potassium Hydroxide 
iso-Propyl Alcohol 
Radio Mixture No. 3 
Silicic Acid 

Sodium Carbonate 
Sodium Chloride 
Sodium Hydroxide 
Sodium Phosphate Dibasic 
Strontium Carbonate 
Strontium Nitrate 
Sulfuric Acid 

Toluene 
Trichloroethylene 
Triple Carbonate 
Xylene 

Zinc Chloride 

Zinc Nitrate 

Zinc Oxide 


IMPORTANT GUIDE TO J.T. BAKER 
ELECTRONIC CHEMICALS for semi- 
conductors, vacuum tubes, ferrites, 
thermistors, etc. Also includes speci- 
fication sheets that define high 
standards precisely. Write Baker for 


your free copy. 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 
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Current Books 


Electromechanical System Theory by 
Herman E. Koenig & William A. Black- 
well. McGraw-Hill Book Company, Inc., 
New York, N.Y. $14.50. The development 
presents an orderly operational proce- 
dure for deriving mathematically the 
characteristics of systems of components 
from a knowledge of the component 
characteristics and their prescribed mode 
of interconnection. 


Elements of Electronics by Henry V. 
Hickey and William W. Villnes. Second 
edition. McGraw-Hill Book Company, 
Inc., New York, N.Y. $8.75. A complete, 
well-rounded, basic background for 
everyone interested in television, radar, 
and sonar. 


Thermoelectricity: Science and Engineer- 
ing by Robert R. Heikes and Roland W. 
Ure, Jr. Interscience Publishers, New 
York, N.Y. $18.50. This book covers the 
physics and chemistry of thermoelectric 
materials, the design of materials, and 
the device technology. 


Electronic Engineer’s Reference Book 
edited by L. E. C. Hughes. Second edi- 
tion. The Macmillan Company, New York, 
N.Y. $18.00. This reference book en- 
deavors to put before engineers in in- 
dustry and in development laboratories 
some of the latest knowledge and tech- 
niques in the electronics field which 
might not be easily available to them. 


Time Relays by G. V. Druzhinin. Per- 
gamon Press, New York, N.Y. $2.50. In- 
tended for wide circles of engineers and 
technologists who work in the field of in- 
dustrial automation. 


Iterative Arrays of Logical Circuits by 
Frederick C. Hennie III. M.I.T. Press, 
Cambridge, Mass. and John Wiley & Sons, 
Inc., New York, N.Y. $4.95. This book is 
written for persons working in the com- 
munications sciences, and is especially 
pertinent to the areas of information 
processing, switching theory, and com- 
puter design. 


Semiconducting III-V Compounds by C. 
Hilsum and A. C. Rose-Innes. Pergamon 
Press, New York, N.Y. $10.00. It deals 
with the band structure, crystal struc- 
ture, preparatory techniques, transport 
processes, optical absorption, photoelec- 
tric effects and galvano-magnetic proper- 
ties, as well as with a number of device 
applications. 


Electrical Principles of Electronics bv 
Angelo C. Gillie. McGraw-Hill Book 
Company, Inc., New York, N.Y. $10.00. 
Here is a clear, precise explanation of 
the fundamental laws and principles of 
electricity for radio-television repairmen, 
electricians, homeowners, and anyone in- 
terested in electricity and the way it 
works. 


High-Frequency Magnetic Materials by 
W. J. Polydoroff. John Wiley & Sons, 
Inc., New York, N.Y. $9.00. This book is 
a comprehensive guide to ferromagnetic 


materials and their applications at high 
frequencies. 


Semiconductor-Diode Parametric Ampli- 
fiers by Lawrence A. Blackwell anz 
Kenneth L. Kotzebue. Prentice-Ha! 
Inc., Englewood Cliffs, N.J. $9.00. A the 
oretical treatment and discussion of para- 
metric devices showing how and why) 
they work, and when they can be usec 
to best advantage. 


The Handbook of Thermophysical Prop- 
erties of Solid Materials edited by Gold 
smith, Waterman & Hirschorn. ee 
by special arrangement with U.S. Aix 
Force. The Macmillan Company, Neva 
York, N.Y. $90.00. 5 volumes cover ele= 
ments, alloys, ceramics, cermets, and in-~ 
cludes a list of references. 


Proceedings of the National Electronicx 
Conference, Vol. XVI. National Elec~ 
tronics Conference, Inc., Chicago, Ill! 
$6.00. Papers covered include solid state 
devices and circuits; microelectronics: 
parametric devices and techniques; tran- 
sistor circuit applications; and solid stated 
circuits. 


High Frequency Applications of Ferrites 
by J. Roberts. D. Van Nostrand Com-~ 
pany, Inc., Princeton, N.J. $4.85. This 
book is intended primarily for advancec: 
students of Electrical Engineering anc. 
Physics, and those engaged in the desigry 
or operation of electronic equipment. 


Introduction to Electrical Engineering 
Science by Harold A. Foecke. Prentice 
Hall, Inc., Englewood Cliffs, N.J. $15.65: 
An integrated, analytical approach pro- 
viding a rigorous, versatile base fow 
study in any more specialized area ot 
electrical engineering. 


The Physical Theory of Transistors by 
Leopoldo B. Valdes. McGraw-Hill Book! 
Company, Inc., New York, N.Y. $10.50: 
This text analyzes the flow of current 
through semiconductor materials and de- 
rives relationships between the electrical 
characteristics of transistors and _ thei: 
physical structure. 


Dictionary of Mechanical Engineering by 
Alfred del Vecchio. Philosophical Li- 
brary, New York, N.Y. $6.00. This com- 
prehensive dictionary and sourcebook 
presents prime definitions in the fields 
of architecture, automatic controls, engi- 
neering mechanics, fuels and combustion. 
power plants, along with related defini- 
tions in the field of basic electricity, heat 
treatment of metals, basic mathematics 
and welding. 


British Miniature Electronic Components 
and Assemblies Data Annual 1961-62; 
Edited by G. W. A. Dummer and J. 
Mackenzie Robertson. Pergamon Press, 
New York, N.Y. $15.00. This is the first 
volume in an important new annual se- 
ries and contains essential data in con- 
cise form on a wide range of miniature 
components, and information on the ef- 
fect of potting resins, shock and vibra- 
tion, and temperature overload. 


Vacuum Technology Transactions; Ed- 
ited by C. Robert Meissner. Pergamon 
Press, New York, N.Y. $17.50. Proceed- 
ings of the sixth national symposium. 


SEMICONDUCTOR PRODUCTS e OCTOBER 1961 


ELECTRONIC INDUSTRY. In no other industry are 
\ processing problems more complex, quality standards 
\ \\ more demanding. Production chemicals must meet 
\ \\ your specifications, must be shipped on time. 


@ ... PARTICULARLY THE DECISION-MAKERS IN THE 


SAME DAY SHIPMENT OF HIGHEST PURITY ELECTRONIC 
CHEMICALS. The J. T. Baker electronic chemicals offer you the 
highest standards of purity and most precise labeling in the 
industry. J. T. Baker ships more than 90% of all orders the same 
day they’re received. We keep our inventories high so you can 
keep yours low. 


ACTUAL LOT ANALYSIS ON LABEL. Every ‘Baker Analyzed’ 
Reagent is labeled with an Actual Lot Analysis that defines pur- 
ity to the decimal, more than 300 also with an Actual Lot Assay. 


Highest purity... most precise labeling... same-day shipment. 
Surely three good reasons to discuss your requirements with 
J. T. Baker Co., Phillipsburg, N. J. See list of electronic chemi- 
cals on opposite page. 


THE ELECTRONIC CHEMICAL USER BUYS MANY 
VALUES TO PLEASE MANY MEN 


...he knows that bidding to specifications is only one 
measurement—he measures all the values. For example, 
when he buys chemicals he knows a precise definition 
of purity helps the Electronic Engineer. For the Plant 
Superintendent, consistently high quality means fewer 
variables and fewer rejections. For the Production Man- 
ager, fast on-time deliveries are important. Which val- 
ves help the Quality Control Chief? the Cost Accountant? 


The electronic chemical user knows! It's the reason 
J. T. Baker is preferred. 


oN J.T. Baker Electronic Chemicals 
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NOW: All kinds of metal stampings and wire forms 
for semiconductors... by the millions! 


From just a few feet away, some of these parts are all but 
invisible to the naked eye. Close up, each reveals the 
marvel of precision that marks all Sylvania parts custom- 
made for semiconductor device manufacturers. 

You'll find our millions-of-parts-per-day facilities pay 
you big dividends whether you need caps or cups, clips or 
clamps, cuts or leads, heat sinks or headers. Our special- 
ties? Stringent production schedules and incredibly tight 
tolerances. 

Specifically, Sylvania maintains a tough-minded quality 
control department that even covers equipment tooling 
and inspection of incoming material. We even manufac- 


SUBSIDIARY OF 


GENERAL TELEPHONE & ELECTRONICS 
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ture our own wire and ribbon to be sure of their quality 
This thoroughness minimizes rejection rates and help 
customers meet their own production schedules. 


Our experience with a wide variety of materials means wi 
can satisfy a greater number of special requirements. W: 
have even developed our own equipment to handh: 
unusual needs. 


Total result to you: unsurpassed quality in semiconducto 
parts—even if you order millions of parts per day. 


For further details—or a quote on a specific project—writ 
Sylvania Electric Products Inc., Parts Division, Warren, Pa 
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SILICON NEWS from Dow Coming. 


: 
“a 


Need 1-0-0 Silicon? 


Specify float zoned crystals You will find Dow Corning Hyper-Pure 
: (1 0 0) crystals provide a number of definite 


for these three reasons... advantages over Czochralski pulled crystals 


with (1 O QO) orientation. 


More Uniform Dimensions. With Dow 
Corning vacuum float-zoned (1 0 0) crystals, 
you get more than twice the useable length of 
the usual Czochralski crystal . . . better than 
50% more than the best premium Czochralski 
crystal. Physical profile is far more uniform, 
so wafers have more consistent physical dimen- 
sions. Result: crystals that are easier to process 
less waste. 


More Uniform Parameters. Lateral and ra- 
dial parameters are more uniform throughout 
the entire length of Dow Corning vacuum float- 
zoned (1 0 0) crystals. Typical resistivity 
curves show float-zoned crystals vary less from 
end to end—and the ends are up to three times 
further apart. This consistent quality — plus 
uniformity from rod to rod— means fewer 
rejects . . . increased device yield. 


Ease of Handling. For the clean cleavage 
and nearly waste-free handling of (1 0 0) 
oriented silicon crystals, plus the advantages of 
uniform dimensions and uniform parameters, 
specify Dow Corning crystals. Greater length 
means less chance for contamination, less 
waste and easier handling in scribing and 
scoring wafers. 


Whatever your need — float-zoned crystals of 
(1 0 0) orientation; crystals of (1 1 1). ori- 
entation; doped to specification or high resis- 
tivity rod; polycrystalline rod or prepackaged 
one-piece crucible charges — Dow Corning 
should lead your list of sources. 


Length: 50 mm to 250 mm 
. (approx, 2” to 12”) 


Diameter: 12 mm to 20 mm 
(5 tortor) 


Diameter less than ] mm 
Variation: (.040”) 


RESISTIVITY, OHM-CM 


Resistivity : 1 to greater 
than 1000 


CENTIMETERS FROM SEED END 


For free brochure — “Hyper-Pure Silicon for Semiconductor Devices” write Dept. 1822 


Dow Corning CORPORATION 
HYPER-PURE SILICON DIVISION ¢* HEMLOCK, MICHIGAN 
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2NI658 
2NI659 


Looking fora compact 1 to 10 watt Germanium Power 
Transistor with this kind of top level performance? 


Top reliability is built into each Honey- 
well transistor. Vacuum baked, given 
rigorous life and dynamic tests, each is 
enclosed in a new cold-welded minia- 

# ture case with threaded mounting stud. 
ACTUAL 


SIZE Designed for general use, the Honey- 
well 2N1658 and 2N1659 are ideal for servo 
amplifiers, relay drivers, high power unit driver 
stages, and as medium power switches. Measur- 
ing only 0.35 inches in diameter, they handle 
one to ten watts! 


You'll want data sheets, including character- 
istic curves and servo amplifier circuit diagram, 


for your files. Fill out and mail the coupon 
today! 


Honeywell 
[Hl] Seniconductov Preduatr- 
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e Leakage—Icpo less than 0.5 ma at 80v, 
2N1658—60v, 2N1659 

e Saturation voltage—V cr (saT) less than 0.25v 

e Floating potential—Verpr less than 0.25v 

e Thermal resistance—9 j-mp 5° C /watt max. 
(Tz max., 100° C) 

eGain—hrr 30 min @ 0.2 amp; hrr 20 min 

@ 1.0 amp 
e Frequency response—500 kc minimum gain 
bandwidth product 

e Power dissipation—15 watts at 25° C, 6 watts 

at 70° C 
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7 
MINNEAPOLIS-HONEYWELL REGULATOR Co. 
SEMICONDUCTOR DIV. * MINNEAPOLIS 8, MINN. 


Yes, send me bulletins on ue new Honeywell 2N1658- 
and 2N1659. 


LLL NE 
PHONE 


Me 


va 
> 
KS 
ico 


STATE. 


— LOGIC FOR DIODES: 


: GET 
ULTRA-FAST al 

SWITCHING 

WITH 

SEMIMETALS’ 


LOW-LIFETIME ¥ 
N-TYPE GERMANIUM 


4 


Semimetals produces gold-compensated germanium in 
extremely uniform N-type crystals. This proven material gives 
you highly reproducible results from batch to batch of diodes, 
no matter when you buy the monocrystals. Storage times are 
so brief that ultra-fast switching in the low nanoseconds is 
readily obtainable in your devices. 

We believe, from experience, that our methods of 
gold-doping and crystal growing are the most reliable and 
uniformly effective known. Naturally, we also hold precise 
tolerances on other doping materials added to specification. 
If you are manufacturing or planning to manufacture ultra- 
high-speed diodes, see the prime source: Semimetals. 

Also producers of high-quality monocrystal germanium and 
germanium or silicon infrared materials. Deliveries excellent 
on all materials. 


METALS, iNC. 172 Spruce Street . Westbury, L. I., New York . EDgewood 3-8400 
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RANSISTOR-CURVE TRACER 


INVALUABLE TOOL FOR EVALUATING 
SEMICONDUCTOR DEVICES 


The Type 575 provides 20-ampere collector displays (10- 
ampere average supply current), two ranges of collector 
supply (0 to 20 volts, 0 to 200 volts), and 2.4-ampere base 
supply (positive or negative base stepping). 

With a Type 575, you can plot and measure 7 different 
transistor characteristics. You can display 4 to 12 curves per 
family—with input current from 1 microampere/step to 200 
milliamperes/step or input voltage from 10 millivolts/step to 
200 millivolts/step—in repetitive or single-family presenta- 
tions. You can select either common-emitter or common-base 
configurations. 

Add a Type 175 Adapter and you extend the range of collector 
displays 10 times and the range of base supply 5 times. 

You can also test diodes under a wide variety of conditions 
and observe waveform characteristics on the 5-inch crt 
with a high degree of accuracy. 


Type 575 Calibrated Displays 


Vertical Axis—Collector Current, 16 steps from 0.01 ma/div to 
1000 ma/div. Pushbuttons are provided for multiplying 
each current step by 2 and dividing by 10, increasing the 
current range to 0.001 ma/div to 2000 ma/div. 

Horizontal Axis—Collector Voltage, 11 steps from 0.01 v/div 
to 20 vidiv. , 


Both Axes—Base Voltage, 6 steps from 0.01 v/div to 0.5 v/div. 
Base Current, 17 steps from 0.001 ma/div to 200 ma/div. 
Base Source Voltage, 5 steps from 0.01 v/div to 0.2 v/div. 


wantice 
yee 


a 
ype $75 MANSISTOR-CURVE TRACER vernicat 
bscsae Cats) 


Type 575 Transistor-Curve Tracer. . . . $975 


... for more information about evaluating semiconductor devices with a Type 575 | 


or other Tektronix test equipment, call your Tektronix Field Engineer. He will be 
glad to assist you. | 


Tektronix, Inc. -.o BOX 500+ BEAVERTON, OREGON / Mitchell 4-0161 » TWX—BEAV 311 « Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga Baltim 
} J N, 3 , Ga. « ore (Towson) Md. + Bost i 
Denver, Colo. + Detroit (Lathrup Village) Mich. « Er : ia ep eet eatery Gr 
Encino + West Los angeles) MNase Minn Set Gane. anne Gece * Houston, Texas + Indianapolis, ia ‘i ‘anaes OW Gee ; ae Nira rae a (Easi-Lon Angeles 
. i Peps ‘ ' G l » New York City Area (Albertson, L.l., N.Y. « Stamf Ca ic Hats Philadelohlac pe, « Phocniy ieecae metal 
Portland, Oreg. » Poughkeepsie, N.Y. * San Diego, Calif. San Francisco, Calif. Area (Lafayette, Palo Alto) + Seattle, Wee Sees eine Ont. Conds: Westhngten BCL 
Beni ay REPRESENTATIVES: Aemitialn Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five overseas caine 6 ifi oe oe ee ee See: — 
uropean an rican countries, the ecunities: of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G. Terrassenw an pahos SNES ING SCO ani alons: 
Ste MRS Gatlochischs wo tle nae ice Rlernthcc higtietiog Dosa Be Shi oe is ; eg 1A, Zug, Switzerland, for the name of your local engineering representative. 
! P.O. ) Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. ; 
Circle No. 17 on Reader Service Card 


14 SEMICONDUCTOR PRODUCTS e OCTOBER 1961 


JMC type C8 control unit pulses power input to furnace, indicates 
temperature and provides fail-safe over-temperature protection. 


for 
laboratories 
and 
small-scale 
processing 


Rugged as they are attractive, the new 

JMC Model K High Temperature Furnaces are real performers too: 
= Platinum wound for lowest operating costs 
*" Windings totally embedded in high purity alumina 
* Hot zone of uniform temperature 
=" Elements easily replaced, even on hot furnace 
" Minimum heat loss ... may be operated on unprotected work bench 
=" Two integral thermocouples, embedded in refractory 
=" Variety of general purpose models, with combustion chambers 

up to 21% in. long by 2” in. dia. 
*" Ash Fusion and Controlled Atmosphere model with 

sighting window and bursting dise 
=" Thermocouple Calibration model for temperature up to 3225° F 
Model K furnaces are the result of Johnson Matthey’s 
unsurpassed experience in platinum-wound furnace 


design and manufacture. 


For complete information, send for Technical Data Sheets. 


JOHNSON, MATTHEY & COMPANY, INC.+* 6O8 Fifth Avenue, New York 20, New Yorks Telephone Circle 5-6790 
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REDUCE COSTLY 


KERF LOSSES 


in slicing 
semiconductor material... 


Now ... switch to 3 14‘* diameter diamond 
wheels to slice.1‘’ diameter crystals on 


(bJWieroneth WAFERING 


MACHINES 
featuring the NE TYPE 2 
CARTRIDGE SPINDLE 


This specially-engineered spindle 
mounts a 314‘ diamond wheel in 
place of the usual 5‘‘ wheel to 
give from 40% to 100% more 
slices per 1‘’ diam. crystal... re- 
duce kerf loss by 28% to 47%! 


Micromech’s thinner blades in 
3," diameter size can save from 
.004" to .009" per slice... add 
up to savings of $200.00 a day! 


Moreover, the 314“’ wheel allows 

cutting speeds up to 3‘ per minute 
. increasing production while 

decreasing loss of material. 


Type 2 Cartridge Spindle is now 
standard on Micromech hydraulic 
automatic wafering machines. 
Write today for detailed infor- 
mation. 


FOR QUALITY CONTROL — 
Micromech Optical 
Orientation System 


This easy-to-operate system produces accurate 
visual patterns for identification of principal 
planes of any single crystal material. No inter- 
pretation or correlation data needed. Operator 
need not be technically trained. Transference 
of aligned crystal from orientation base to 
wafering machine table allows accurate cut- 
ting of crystal on plane to which it was 
aligned. Self-contained low-cost unit requires 
only 2 sq. ft. of table space, 


Micromech Diamond Wheels 


Micromech stocks 32’ diamond wheels for the 
economical and fast slicing of all semiconductor 
materials. 

Wheels also available in other popular and odd 
sizes, DIT and DITRS types, Precision manufacture 
to close tolerances assures accuracy of cut and 
long life. 


Send for free technical data 


MICROMECH maNUEkexunina CORP. 


A Division of Sanford Manufacturing Corp 


695 Rahway Avenue 


Union, New Jersey MUrdock 7.3200 
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Industry News 


CONFERENCE CALENDAR 


The Following November 1961 Meetings Are Schedules 


International Conference on High Magnet 
Fields, MIT, Cambridge, Mass. 


Special Technical Conference on Non-Lit 
ear Magnetics, Statler-Hilton, L. A. Spo 
sored by PGEC-PGIE, AIEE. For Inform: 
tion: Dr. Ted Bernstein, Space Technolog 
Labs, POB 95001, L. A., 45, Cal. 


7th Annual Conference on Magnetism 
Magnetic Materials, Hotel Westward He 
Phoenix, Ariz. Sponsored by IRE, AIEE, 
Phys., ONR, AIME. For Information: F. E 
Luborsky, G.E. Res. Lab., POB 1088, Sche 
nectady, N. Y. 


NEREM (Northeast Research & Engni 
Meeting), Somerset Hotel & Commonwealt' 
Armory, Boston, Mass. Sponsored by Regioz 
1. For Information: F. K. Willenbrock, Pierce 
Hall, Harvard Univ., Cambridge 38, Mass. 


Symposium on Electronic Systems Reliahil- 
ity, Linda Hall Library Aud., 5109 Cherry; 
Kansas City, Mo. Sponsored by Kansas Cit? 
Section. For Information: Arthur Goldsmitt 
Wilcox Electric, Kansas City, Mo. 


Nov. 1-3 


Nov. 6-8 


Nov. 13-16 


Nov. 14-16 


Nov. 14 


Nov. 20-21 Electron Devices Meeting, Shoreham Hote: 


Wash., D. C. Sponsored by IRE/PGED. 


American Physical Society Meeting, Chicage 
Sponsored by AIS. 


Winter Conference, EIA. Statler Hilton, L. A 


28th Exposition of Chemical Industries, New 
York Coliseum, N. Y. C. 


A study of Research and Development in the Chicago- 
Area Electronics Industry is in its final stages at North- 
western University. Started early in 1961, it is schedulec 
for completion in time for the results to be presented a 
the National Electronics Conference in October. It wa: 
initiated by the Professional Group on Engineering Man- 
agement (PGEM) of the Institute of Radio Engineers anc 
has been sponsored by the National Electronics Confer- 
ence and supported by grants from more than 25 Chicag 
electronic companies. The project is under the directior 
of Albert H. Rubenstein, Professor of Industrial Engi. 
neering at Northwestern University. The study is aimec 
at a better understanding of the relationships between th: 
following factors in the Chicago-Area Electronics Indus. 
try: management attitudes toward research, attitudes o 
the financial community, research climate in the com. 
munity, resources allocated to and constraints impose¢ 
upon company research and development, R and D ca 
pabilities in the Chicago area, R and D achievements c 
Chicago companies, and economic results (primarily rate 


of growth). 
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Essential terms for the purchase by Raytheon of the 
al estate, physical facilities, and certain inventories from 
BS Electronics have been agreed upon, it was jointly 
nounced recently by Richard E. Krafve, president of 
aytheon Company and Clarence H. Hopper, president of 
BS Electronics. The agreement was reached following 
83S Electronics’ decision to discontinue its semiconductor 
erations. 


C. I. Hayes, Inc., during the Metals Show scheduled for 
stober 23 through 27 at Cobo Hall in Detroit, Michigan, 
ill demonstrate, along with other equipment, the pHayes- 
aster (TM), a power control device incorporating the 
test in transistorized circuitry. pHayes-master accom- 
ishes in a very compact unit the same functions which 
ould otherwise require bulky saturable core reactors, 
agnetic amplifiers, and other space-consuming units, ac- 
rding to the company. It features microsecond response 
us a high power factor, resulting in high-sensitivity, 
gh-precision control of furnace temperatures and simi- 
r operations. 


RESEARCH and DEVELOPMENT 


An electroluminescent crossed grid display device, a 
” x 16” panel, was described recently by engineers of 
yivania Electric Products Inc. The new panel is com- 
sed of four individual crossed grids, with a resolution of 
jlines per inch, and demonstrates the feasibility of man- 
acturing even larger units employing a modular building 
ock construction. To overcome the difficulty of intercon- 
scting panels to form an electrical path, each line of the 
ossed grid is continued around and to the back of each 
ynel. The panels are then affixed to Sylvania-designed 
mnector boards which permit ease of servicing and ad- 
stment. Joining small electroluminescent panels into a 
mtinuous large display, demands extreme accuracy of 
inel size, and according to the company, they have 
hieved this accuracy within .002” of the required di- 
ensions. 


A solid-state microwave transmitter for space commu- 
cations was announced recently by General Telephone & 
ectronics Corporation. The transmitter, less than the size 
a cigarette carton, occupies about one-seventh the space, 
is 11 times the life expectancy, and ten times the fre- 
iency stability of conventional transmitters. The trans- 
itter could be combined with a solid-state ultra-reliable 
dio receiver developed earlier by GT&E to form a com- 
ete space communications system. The system would 
‘used for space probes, or would be a major element 
a satellite communications system used to transmit 
lephone conversations, business data, or television pro- 
ams on a world-wide basis, utilizing satellites 22,300 
iles above the earth as relay stations. 
Developed for the Air Force, the compact transmitter 
lit, which occupies about 55 cubic inches, is the first 
lid-state transmitter designed to operate with two watts 
output power within the S-band (1700 to 2300 mc). 
lese are considered to be the minimum power and fre- 
lency requirements for transmission of information be- 
reen two points on the earth’s surface via an active 
lay satellite in a “stationary” equatorial orbit. The de- 
lopment raises the known upper limit of power output 
om solid-state transmitters at these frequencies to two 
atts from the previous range of .03 watt and .05 watt. 


(Continued on page 55) 
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..there are X more! 


“Indalloy” Intermediate Solders, manufactured exclusively 
by the Indium Corporation and used extensively in printed 
circuit work, are noted for their wettability (with metallic 
AND non-metallic surfaces), their corrosion resistance, and 
their help when special temperatures are important. 


Indium solders assist flowability and workability. Adhering 
readily to many varied surfaces, these solders can be tailor- 
made for special application. Perhaps you have a need for 
Indium in solder, spheres, pellet, powder, wire, ribbon or 
metal forms. Write our research department today ...we’re 
glad to help! 


INDALLOY SOLDERS 


adhere to: 


VABItN 
ORDER 
YOUR 
COPY OF 
“INDIUM” 


© 26 metals, alloys 


@ 21 thin metal 
films 


Published privately, this valu- 
able reference book is a “must” 
in research. 


® 18 non-metals © 770 pages 


@ 91 drawings, diagrams, 
photographs 
@ Annotated bibliography 


$10.00 per copy 


FREE SOLDER BOOKLET... 


Write Dept. S-7. for new 
Indium bulletin: “INDALLOY” 
Intermediate Solders. 


THE 


CORPORATION OF AMERICA 
1676 LINCOLN AVENUE * UTICA, NEW YORK 


Since 1934... Pioneers in the Development and Applications 
of Indium for Industry. 
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Off the Presses ... 


SEMICONDUCTOR DIODE SOURCE Bool 


OMPLETE CHARACTERISTICS OF MORE THAN .e AN ADDITIONAL CHART LISTING AVAILABILITY OF DEVIC 
‘ 3800 TYPES, FROM VARIOUS MANUFACTURERS. 
e@ TWO SETS OF CHARTS PROVIDE: e CHARTS ARE NOTEWORTHY FOR THEIR EASE OF USE AND 


COMPLETENESS OF PARAMETERS. 
1) NUMERICAL TABULATION 


DESIGN e PACKAGING INFORMATION INCLUDED. 
BEET Eow ces LO RTANT RE e CHARTS PREPARED BY THE NATIONAL BUREAU OF 


STANDARDS. 


“Separate charts are provided for each diode type. These 
charts are arranged in an ascending order of the numeri- 
cal values of the most important parameter of the de- 
vice. This permits a rapid selection of a specific type to 
meet the needs of the design engineer. 


' SEMICONDUCTOR 


Diode Sowwe Book 


Price only $2.50 postage paid in the U.S.A. and possessions. = Sy Grane es 


SEMICONDUCTOR PRODUCTS scrie 
300 W. 43rd St., New York 36, N.Y. 


SIRS: My check (money. order) for $ is enclosed. 
Please send Semiconductor Diode Source Book to: 


*® VARACTOR DIODES. 
by Seymour Cohen 


© MICROWAVE MIXER 
ond DETECTOR DIODES. 
¢ J. Feldman 


© ZENER DIODES_DESIGN 
id 


@ PHOTO DIODES. 
by Don Abel 


© TUNNEL DIODES. 

General Electric Com 

@ CIRCUIT DESIGN and 
APPLICATIONS of HIGH 
POWER SILICON RECT- 
IFIERS. by N. A, Forbes 
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STREET ADDRESS : 
Jo Sa ee 
CITY ZONE STATE 


Charts Compiled By SAMUEL 'L, MARSHALL 
National Bureau of Standards EDITOR 


N.Y. City residents add 3 % Sales Tax. 
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POWER ON 


ado 


BARBER COLMAN CO., ROCKFORD, ILLINOIS : oe 


Photo Courtesy 
Lindberg Engineering Co. 
Shows 350 Series on 
Type GT7-222 Furnace 


Now you can 
for accurate temperatures 
in semi-conductor furnaces 


@ 3-digit precision potentiometer dial selects 
set point within 1° F. 

@ 0.25° F. measurement sensitivity, even 
better with base metal thermocouples. 


@ Zener diode source stabilizes reference 
voltage. 


@ Choice of response times. 


@ Electrical cold junction compensation. 


SERIES 400 
CAPACITROL— 


Model 350 Measuring System coupled with a Model 400 Series 
Indicating Controller is ideal for processes demanding time 
lags compatible to 5%, or less, of the proportioning band. This 
combination produces the most precise and economical control 
now available. Semi-conductor processes such as continuous 
alloying, crystal growing, zone refining, and gas or solid diffusion RARRLAT: L | eae 


<0 115. 60¢ 


STABILIZED 


ay a ZENER DIODE 
- ‘ eZ 1 le acome. sw. | 4 ] SOURCE 
can now produce better yields and a more uniform product. 6 fy Ts Iieenapee 
) Keife | Lose) [SEE 
When you are ordering a new semi-conductor furnace, specify as cee aa Maud 
A f 
a Model 350 and 400 Series Capacitrol to monitor a saturable 5 apa Gees 


core reactor system. Ask your Barber-Colman Sales Engineer 
for more details — his phone number is in the Yellow Pages. 


BARBER-COLMAN COMPANY 


BARBER Wheelco Industrial Instruments Division 
COLMAN Dept. V¥15144 Rock Street, Rockford, Illinois, U.S.A. 


BARBER-COLMAN of CANADA, Ltd., Dept. V, Toronto & Montreal * Export Agent: Ad. Auriema, Inc., N.Y. 
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WHY SEARCH FOR: scéecposcseso. 
JOO0C™ NOG 
k& 2D. 7 
full o [Fe Ke BESSY 
WOQOOl LOO 


aan ) KY 
in METALS and ALLOYS. AS 


lay 


“MATERIAL RELIABILITY CONSTANT 


SPECIFY... 


The single most critical factor in semiconductor design and produc- 
tion is the reliability Constant of the materials used in the 


; e 
manufacturing process. e 
Only dependable material consistency and quality can guaran- © 
tee: good product, high yield, and efficient reproducibility. e 
The primary concern of metallurgists at E.M.A. is to reduce He 
your manufacturing variables by producing the finest in semi- e 
conductor parts and materials. This is why Electronic e 
Metals and Alloys, Inc. has brought a new order of “g 
reliability to the industry with its m. r. K* program. : . 
Specify E.M.A. for quality, for price, for performance. =———= © 
ath 
=aQ= © : 
ee —~—— @ 
For technical information on E.M.A.’s products, we | 
analytical services, and materials application engi- canta 
neering, write: — Gee 
ex 
eras 
= Gan 


60 ARSENAL STREET - WATERTOWN 72, MASSACHUSETTS 
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MICROMINIAT 
V AUTOMATIC STEP PEAT ON THE ROVAL EMT Rt 


liniature circuitry patterns are completed in minutes—accurate to .001 over the 
intire exposure area—on the automated MISOMEX. Starting with one simple 
iece of artwork the MISOMEX automatically positions and exposes in reg- 
ilar, stepped or staggered patterns, with simple push-button control. Auto- 

natic microminiaturization on the MISOMEX cuts time and labor costs 

0 a minimum, eliminates human errors. 

MSOMEX is the only automatic step-and-repeat machine now in use to produce Ff 
nicrominiaturization assignments. For a wide range of tasks in electronic 
ircuitry, companies like IBM, Itek, Buckbee Mears, Etching Company of Cali- 
ornia and other leading electronics firms use MISOMEX. 

MISOMEX with fully automatic push-button controls is available in 25” x 26” and 
19” x 43” sizes with negative chase sizes up to 9” x12”. 
\lso available: The Punch Card Control MISOMEX in sizes from 40” x 56” to 56” x 80” 
vith chase up to 24” x 24”. Any model with incandescent or water- cooled, high-intensity Xenon light source. 


THIS 


_ completed 
microminiaturization 
circuit grid 


FROM 


one piece of 
artwork like this 


THROUGH 


camera reduction and 
automatic step-and-repeat 


FOR COMPLETE INFORMATION, WRITE: 


180 VARICK STREET, NEW YORK 14, NEW YORK 
AL ZENITH CORPO 619 W. WASHINGTON BLVD., CHICAGO 6, ILL. 
1350 S. BROADWAY, LOS ANGELES 15, CALIF. 
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AUTOMATIC TWO PIECE LEAD WELDER 3648 AUTOMATIC aa ae 


.... latest in the series 
of automatic machines 
designed and built by KAHLE 
for critical operations 

in the volume production 


of newly developed component: 


AUTOMATIC LEAD BEADING — WHISKER 
WELDER AND FORMER (RIBBON) 3665 


ENGINEERING COMPANY 


AUTOMATIC BODY CASE (MOLY OR 
DUMET SLUG LEAD OR GLASS BEAD) 3624 
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Editorial oo ¢ ¢ 


Energy Converters 


To permit an efficient utilization of the process, 
mergy in the form of radiation, heat, chemical 
ction, nuclear action, mechanical action, etc., 
generally must be converted into electrical form. 
Various novel conversion processes have been 
leveloped using photoelectric, thermoelectric, 
hermionic, and magnetohydrodynamic devices. 
n addition, systems based on the Curie inver- 
ion temperature and on antistokes fluorescence 
lave been proposed. 


The methods based on photoelectric and on 
hhermoelectric devices are of particular interest 
0 the semiconductor art. Photoelectric devices 
itilize the photovoltaic effect obtained at a p-n 
unction diode when radiation is incident on a 
‘egion including the depletion layer. The useful 
adiation is that in which the wavelength is less 
han ch/qV>z, where Vz is the semiconductor gap 
ind q, h and ¢ are respectively electron charge, 
Planck’s constant and velocity of light. 


For example for germanium dmx = 1.7 1), and 
or silicon Amax 1.12 u. Since the radiation 
spectrum of a black body is a function of tem- 
erature, only a fraction of the incident radia- 
jon energy can be converted, depending on the 
emperature of the black body and on the energy 
sap. In addition, even for photons of wavelength 
ess than Amax, the quantum efficiency is gener- 
uly less than unity. 


Assuming that the quantum efficiency is 
Inity, it is found that the maximum current den- 
ity obtainable with a silicon diode under bright 
unlight at sea level is 440 A/sq. m, and that ob- 
ainable with a germanium diode is 680 A/sq. m. 
Jsing semiconductors with even lower gap Vy, 
1 current density of 800 A/sq. m could be ap- 
groached. However, the available power is 
lependent upon the current and the voltage. 


=~ 
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Since the latter increases with Vo, an optimum 
value of Vs may be computed. 

In idealized conditions a value of 1.3 eV is 
found. For this reason, silicon is considered the 
most suitable semiconductor for this application. 
Silicon solar cells have been built with a con- 
version efficiency of the order of 10% (theoreti- 
cal maximum 20%), and a weight per kilowatt 
ratio of about 1000 lb/kw. Current efforts are 
directed at increasing the efficiency by growing 
more perfect crystals and by using such semi- 
conductor compounds as GaAs and CdS. The 
best predicted results are of the order of 120 
lb/kw. 

Thermoelectric devices utilize the thermoelec- 
tric emf produced in a circuit of two different 
metals or semiconductors, the contacts of which 
are at different temperatures. This effect is 
caused by the variation of the Fermi levels with 
temperature, and by the drift of free carriers 
from high to low temperature regions. The vari- 
ation of Fermi levels with temperature is larger 
in semiconductors than in metals, and even the 
drift motion of electrons takes place more freely 
in semiconductors. As a result the latter are 
found useful for the design of energy converters. 
For example lead telluride compounds possess 
practical energy conversion efficiencies of the 
order of 10% (theoretical value 30-40%) anda 
weight per kilowatt ratio of the order of 65 lb/ 
kw. Lower specific weights are expected with 
continued improvements. 

In closing, it must be pointed out that other 
types of energy converters appear even more 
promising than those described above. For ex- 
ample, thermionic generators, utilizing a diode 
in a plasma atmosphere, have efficiencies of the 
order of 4-10% (theoretical value 40%) anda 
weight per kilowatt ratio of only 1 lb/kw. 
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At Bell Telephone Laboratories, mathematician Sidney Darlington 
has contributed notably in developing the art of circuit analysis. 


IT HAPPENS IN THE MIND... 


... Jt is essentially a thing of the mind for it works through concepts, symbols and 
relationships ... it helps man to analyze and synthesize the complex phenomena of the 
universe and himself... it works in many ways to advance electrical communications: 


IT IS CALLED MATHEMATICS 


At Bell Telephone Laboratories mathe- 
matics works powerfully to solve problems 
involving complex data. For example, engi- 
neers must design and synthesize complex 
systems to process specific signals in precisely 
controlled ways. At the same time the tech- 
nology provides a wide choice of circuits and 
components. Mathematical circuit analysis 
reveals the circuits which can do the job 
most efficiently and economically. 


Intriguingly, too, the mathematical ap- 
proach leads to basically new knowledge. For 
example, it led to the invention of the electric 
wave filter . . . disclosed a kind of wave trans- 


mission which may some day carry huge 
amounts of information in waveguide systems 
... foretold the feasibility of modern quality 
control...led to a scientific technique for de- 
termining how many circuits must be pro- 
vided for good service without having costly 
equipment lie idle. 


> 


In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 
analysis, laboratory experimentation, simula- 
tion with electronic computers. Together 
they assure the economical advancement of 
all Bell System communications services. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


The Use of R-F Heating in Growing Crystals 
by the 
Czochralski Technique 


| W. A. EMERSON* 


This article discusses the various aspects of induction heating as it pertains to its use in the 

Czochralski technique for growing semiconductor crystals. The general design parameters 

of the induction coil are given, as well as a discussion on temperature control. Also men- 
tioned is a brief explanation of the theory of induction heating. 


N APPLYING RADIO-FREQUENCY induction heating in 
the semiconductor industry a number of problems 
are encountered with enough similarity to war- 
nt their classification as general problem-types. In 
1e classification, individual problems can be grouped 
cording to the extent to which they involve these 
ve aspects of function: 


1. Heat distribution 

2. Loading the r-f generator 
3. Coil design 

4, Radiation losses 

5. Temperature control 


Of these, problems of heat distribution and loading 
re closely related to coil design. Problems of radia- 
on losses, although not electrical are quite impor- 
aunt since they govern the size of the power source 
squired more than anything else. Listed last but 
robably most important of the group is temperature 
ontrol. 


he Furnace 

The basic vertical crystal-pulling furnace, shown 
*hematically in Fig. 1, is used to obtain a single 
rystal of silicon or germanium from a polycrystalline 
aw material. A quartz crucible, E, is shown for use 
‘ith silicon. It is not normally used when germanium 
‘being processed. Also shown in this figure is the 
ypphire rod, K, which is used for temperature sen- 
ng. A thermocouple mounted in the graphite 
cucible could just as easily be used for temperature 
msing or an optical sensing device might be used. 
Induction heating is the heating of a conducting 
aterial by means of the power loss in this conduct- 
\g material showing up as the I?R loss in the mate- 
al, where the current is caused to flow by means of 
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an induced voltage in the material. To elaborate on 
this, it may be seen, in referring to Fig. 1, that the 
inductor coil I has an alternating current flowing 
through it. This sets up an alternating magnetic field 
which will induce a potential into any conducting 
material which is in the field. The closest conducting 
material to the coil is the graphite crucible holder F. 
The only other conducting material in the magnetic 


OQOOO0O0O * 


F — Graphite crucible 
holder. 


G — Heat shield. 


A — Chuck for holding 
seed crystal. 

B — Seed crystal. 

C — Partially grown single 


crystal. H — Furnace enclosure. 
D — Molten silicon (or I— Inductor coil. 
germanium). 


J — Crucible support. 
K — Sapphire rod. 
Fig. 1—Typical Czochralski furnace. 


E— Quartz crucible (for 
silicon only). 
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field is the molten silicon but this usually does not 
heat inductively—as will be described later. The 
potential appearing across the impedance of the 
crucible holder F causes a current to flow around the 
periphery of the holder. This current flowing through 
the resistance of the crucible holder periphery causes 
a power loss on the surface of the crucible holder 
which shows up as a temperature rise. This tempera- 
ture rise on the surface is then conducted into the 
quartz crucible and finally to the silicon itself. Be- 
cause of the temperature differential between the 
crucible holder and the furnace enclosure H, radia- 
tion of heat becomes a very serious problem. The 
purpose of the heat shield G is to reduce the radiated 
energy at high temperatures. For the temperature 
of the crucible to rise it is necessary to put more 
power into the crucible than is radiated from the 


crucible. This may sound rather elementary—how- - 


ever, it is very often neglected when considering a 
heating problem. It is especially important where a 
relatively low mass is heated to relatively high tem- 
peratures, as is usually the case in semi-conductor 
work. The actual thermal power required to melt 
several hundred grams of silicon in 15 minutes is 
approximately 1 kw, whereas the radiation from the 
surface of the crucible holder is usually a number 
of kilowatts. 

Because a high frequency is usually used for heat- 
ing the graphite crucible holder in this operation, 
there is a definite tendency to obtain a “skin effect” 
on the holder. This depth of current penetration is 


easy to calculate using the formula § = 1.98 © 


j 


where 4 is the depth of current penetration in inches, 
o is the resistivity in micro-ohm centimeters and f is 
the frequency in cycles per second. From this it be- 
comes apparent that the depth of penetration changes 
during the heating because the resistivity of the 
graphite changes. With a resistivity of 920 micro ohm- 
cm for graphite at 1400 degrees C and standard fre- 
quency of 450,000 cps the depth of penertation is 
.089 inch. From this it is obvious that at this fre- 
quency and with relatively thick crucible holders 
practically none of the magnetic field and conse- 
quently none of the heating occurs in the silicon it- 
self. It may also be deduced that there will be no 
stirring or agitation of the melt due to the magnetic 


field. 


The R. F. Coil and Temperature Distribution 


In induction heating the inductor coil (which, in- 
cidentally, is almost always copper tubing with water 
flowing through it) is usually a loosely wound, 
loosely coupled coil. This may be seen in Fig. 1. 
However, to understand why a coil heats the way it 
does, the coil and susceptor are redrawn in Fig. 2. 
Susceptor is merely the name of any material in the 
magnetic field which will heat, ie., it is susceptible 
to the r-f energy. In this case, the susceptor is the 


26 


fi 


OOCOCCHOOHO 


o AAARRANRARRAAARARREES Ss 


COOOCOCO 


Fig. 2—Flux paths around a susceptor. 
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Fig. 3—Flux paths with various couplings to the 


susceptor. 


crucible holder and support which are both made 
graphite. 

As in any coil with current flowing through t 
wire, a magnetic field is set up around each turn 
the wire. This field or flux is represented by t 
arrows encircling the turns with f, representi 
leakage flux, F total flux F, total leakage flux a 
F,, the flux actually passing through the suscept 
In this relation F = F, + Fy. The Fy, in the case 
an alternating current flowing through the coil, 
duces a current in the susceptor. This current, 
flows in the opposite direction to i, and thus sets 
a field of its own which opposes the flux field set 
by the coil. This field is great enough in the case 
the high currents used in induction heating to grea 
distort the field set up by the coil and to cause a ve 
high percentage of the total flux to appear as to 
leakage flux, F,. For this reason very high kva te 
circuits are required so that reasonable quantities 
power may be developed in these low power fac 
circuits. Before this fact is elaborated on it may 
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vell to look at Fig. 3, which shows three coils and 
heir flux paths. Fig. 3a is the coil with no susceptor, 
“ig. 3b is coil and susceptor with loose coupling, and 
“ig. 3c is with tight coupling. 

As may be seen in Fig. 3a the flux inside the coil 
s relatively uniform except at the ends of the coil 
vyhere the flux lines no longer run parallel to the 
ength of the coil but curve around the coil. In Fig. 3b 
1 conducting nonmagnetic material is placed inside 
he coil but with a rather large radial clearance be- 
ween the coil and work. In this case most of the flux 
s forced between the coil and the material with 
elatively little flux entering the material. What flux 
loes enter the material, however, goes to a depth of 8 
which was defined earlier as the depth of current 
yenetration. Now in the case of Fig. 3c we have the 
ondition known as tight (or close) coupling where 
he radial clearance between coil and material is 
mall. In this case, a considerably greater amount 
yf the flux is forced into the material but still only 
0 the same depth 8. Thus, it becomes apparent that 
or a given frequency and voltage across the coil the 
ymount of power induced into the material will be 
greater for Fig. 3c than for Fig. 3b. Another im- 
sortant phenomenon which occurs in a close-coupled 
soil is that a greater amount of heating will appear 
mmediately under the turns of the coil. This is due 
to two factors. One is that the frequency used gives 
such a low figure for 8 that the spacing between 
turns of the coil is greater than this value. The cur- 
rent flow through the work cannot be uniform if it 
is not induced uniformly to begin with. The second 
factor is that it is not induced uniformly because the 
leakage flux is greater between the turns of the coil 
than immediately under the turns of the coil. This 
may better be shown in Fig. 4. 

The excessive heating underneath the turns of the 
soil is greatly minimized if not completely elimi- 
nated when the coil is loosely coupled. This occurs 
because the field between the coil and the susceptor 
becomes fairly uniform as the radial spacing in- 
oreases. 

This phenomenon is thus very important in semi- 
conductor work where a crucible must be heated to 
very uniform and precise temperatures. In many 
instances, however, a definite temperature taper is 
desired. From the above discussion it becomes 
apparent that there are two ways to accomplish this. 
One is to increase the radial clearance between the 
coil and susceptor, allowing more flux leakage where 
the clearance is greater and thus inducing less power 
into that portion of the susceptor. This is usually not 
done because it necessitates the use of a tapered coil 
which is not the easiest type to build. The other 
method is to merely increase the longitudinal spacing 
of the coil turns at one end. This reduces the heating 
at that end simply from the fact that less flux is 
generated per given length. This type of coil modifi- 
cation is quite simple and is the method usually used. 
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Crystal pulling furnace at the Westinghouse Semicon- 

ductor Dept., Youngwood, Pa. The furnace uses a 10 WK, 

450 ke power supply. Programmed control continuously 
monitors the crystal growing process. 


CROES, 


Fig. 4—Effect of close coupling on temperature 
distribution. 


It was mentioned earlier that the flux lines start 
expanding as they approach the end of the coil. This 
is due to the fact that they are curving around the 
end of the coil and returning around and outside of 
the coil. The effect will be to reduce the amount of 
power induced in the work at this point since the 
density of flux per cubic inch of work is less. This 
may be compensated for by three different methods. 
Two of them were outlined just previously to get a 
tapered heat. That is, the coil could be pulled in 
closer to the work or the number of turns per inch 
could be increased. Either of these methods can re- 
sult in a coil which will give reasonably good tem- 
perature distribution. However, they usually re- 
quire a fair amount of “hand tailoring” to get what 
is desired. A simpler method and the one usually 
used is to increase the length of the coil beyond the 
work. Thus, the field is still relatively uniform where 
the work stops. A good rule of thumb for this length 
is to make the extended length equal to the radius 
of the coil. Of course, combinations of these various 
methods may be used where it is felt desirable. For 
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example, because of the furnace construction it may 
not be possible to get more than half the radius be- 
lond the end of the crucible. In this case it would be 
highly desirable to increase the number of turns per 
inch as the end of the coil is approached. 


Power Factor 

The term kva has been used several times and for 
one to understand the application of induction heat- 
ing this should be elaborated upon. kva is actually 
the product of kilovolts times amperes. When re- 
ferring to tank kva in an r-f generator this is the 
kilovolts available in the tank circuit times the 
circulating amperes in that same circuit. The work 
coil (or inductor) kva would of course be the voltage 
across the work coil times the current through the 
coil. Power is equal to kva times power factor. The 
power factor of the coil-crucible assembly is de- 
pendent upon the physical constants of the coil and 
crucible. These are the resistivity of the crucible, its 
dimensions, the radial clearance between coil and 
crucible, number of turns in the coil, length of the 
coil, and to a limited extent, the location of crucible 
in coil. Because the requirements of the crystal pull- 
ing furnace are established in advance, very few of 
the physical constants can be changed. The material 
of which the crucible is made is fixed. It must be 
large enough to hold the material to be melted, radial 
clearance is kept to a minimum, and since the cruci- 
ble must be on the inside of the furnace structure 
and the coil on the outside, this is usually in the 
order of one inch; the number of turns in the coil 
is usually a maximum with a reasonable spacing of 
approximately 4% inch between turns and a reason- 
able size of copper tubing (% inch o.d. to ¥% inch o.d., 
with % and % inch being the most popular). The 
length of the coil is that which is necessary to get a 
proper heat pattern on the crucible and the location 
of the crucible is where the best heat pattern may 
be obtained. A typical silicon furnace powered with 
a 25 kw r-f generator may have a coil with 2000 volts 
across it and 200 amperes through it. This would 
give 400 kva in the coil. Now, if this is loading 15 kw 


from the generator then the power factor would be 
io x 100 = 3.7 percent. Typical power factors for 
crystal pulling furnaces are from about 1 percent to 
8 or 9 percent. Because of these extremely low power 
factors the r-f generators must be designed with high 
tank kva in order to be able to draw the full power 
from the generator. A typical tank value for a 25 kw 
generator is 2100 kva. This would allow a coil with 
a power factor of only 1.2 percent to draw full power 
from the generator. 


Voltage 

Another important design consideration is to keep 
the voltage across the coil as low as possible. High 
voltage across the coil causes undesirable results 
such as excessive ionization of the inert gas in the 
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furnace, arcing from sharp corners of the crucibh 
and worst of all, the possibility of an arc betwe 
turns of the coil or from the coil to the ionized g; 
in the furnace. These last two mentioned arcs w: 
usually throw an overload on the generator ar 
cause the protective devices in the generator to r 
move plate voltage from the oscillator. When tk 
occurs there is a good chance of the melt freezix 
and thus causing the loss of hundreds of dolla 
worth of material and set-up time. There is the pa 
sibility that the copper tubing will be punctured © 
the arc and then water will spray from the coil on 
the hot furnace. There is also a good chance that t 
furnace chamber will be punctured by the are ar 
thus necessitate a costly repair. As was stated earlie 
for a given coil and crucible configuration a certa’ 
kva is required. This kva may come from either: 
high voltage and low current or vice versa. TF 
latter, of course, is the more desirable. In oth 
words, the r-f generator should be run with a rath 
high r-f current (close to maximum), and the ec 
design should be such that only enough voltage © 
developed across the coil to accomplish the desire’ 
heating effect. It is entirely possible that the coz 
when placed across the generator, does not dra: 
close to full current and the voltage across the cc 
is not adequate to accomplish the desired heatin: 
This may be compensated for rather easily by aa 
justing the tap on the tank coil. Fig. 5 shows tH 
schematic of a typical oscillator for induction heatin: 


Frequency 

It may be noted that the work coil WC, the tam 
coil TC, and the grid drive coil GD are all in serie 
and together form the inductance in the tank circui 
The tank capacitor CAP is across this inductance an 
they resonate at the operating frequency of tH 
generator. A certain r-f voltage, E,; appears acros 
the tank and is divided among the three coils i 
series. It may be seen that if some of the tank ca 
turns are shorted that more of the E,,; will appea 
across GD and WC. This of course will also lowe 
the inductance of the tank circuit and thus raise th 
frequency of the generator. A higher r-f current wi 
then flow due to the reduced reactance of the tan 
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Fig. 5—Typical oscillator schematic. 
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capacitor. These effects put more kva into the work 
coil, more power into the work, and consequently 
more power is drawn from the generator. As noted, 
when the work coil is changed or when the tank 
coil taps are changed, a change in frequency occurs. 
The frequency of operation is usually not too critical. 
The major restrictions on frequency should be a 
maximum of 490 ke due to F.C.C. restrictions and a 
minimum of such value that adequate grid excitation 
current is obtained. This is usually down around 
200 to 250 kc. Some generators are designed to go 
down to as low as 200 kc by changing taps on the 
grid excitation coil and thus having more turns. Since 
depth of current penetration varies inversely as the 
square root of the frequency, it can be seen that by 
going from 450 kc down to 225 kc the depth of pene- 
tration will increase by a factor of 1.414. 8 will in- 
crease from .09 at 450 kc to .13 inches at 225 ke. At 
first glance this may seem like a significant change, 
but from a thermal standpoint, it has little meaning. 
This may be explained by assuming a crucible of a 
typical diameter, such as 2% inches. Heat at the 
center of the crucible must get there by conduction 
from the surface minus the value of delta. Thus in 
one case conduction is over a distance of 1.16 inches 
and in the other case, conduction is over a distance 
of 1.12 inches. This is an improvement of only about 
3.) percent. 


Heat Radiation 

Radiation losses are a major problem when high 
temperature work is carried on. Since these losses 
go up directly with the fourth power of the absolute 
temperature, it becomes apparent that they are very 
significant at 1400 degrees C. Besides requiring a 
large r-f generator power source to supply these 
losses, the radiation is an annoyance to the operator 
of the furnace and causes overheating of various 
components of the furnace. 

It is an absolute necessity to place a radiation 
shield around the graphite crucible to cut down 
losses to the point where a reasonable sized generator 
may be used. The shield is usually a tubular section 
of aluminum oxide approximately % inch in wall 
thickness and of such dimensions that there is a 
small amount of radial clearance between the 
crucible and the shield. Sometimes opaque quartz is 
used for a radiation shield. These nonconducting ma- 
terials have several advantages over metallic shields. 
They do not have to be split and are thus quite rigid, 
they are relatively inexpensive and easy to replace, 
and they can operate at high temperatures with no 
damage. Occasionally, a tantalum sheet bent around 
the furnace is used as a shield. This has the dis- 
advantage of having to be split to avoid induction 
heating and it must be kept relatively cool if it is to 
maintain its shiny surface and thus its maximum 
sfficiency. Gold is also sometimes used. This has the 
same disadvantages as tantalum, however, it can be 
Jeposited directly on the quartz furnace structure 
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and thus maximum rigidity is maintained. 

To cut down the radiant heat, a double wall 
furnace structure is sometimes used and water is 
circulated between the double walls. This cuts down 
the heat around the furnace, making it more com- 
fortable for the operator, as well as helping to keep 
the various components cool. If a metallic shield is 
used, the water wall can be used to cool the shield. 
This construction has two distinct disadvantages. 
One is that there is always the danger that the in- 
ternal tube can break and flood the hot crucible 
with water. This of course can be extremely danger- 
ous. The other disadvantage is that a double wall 
obviously requires more radial clearance between 
the coil and the crucible. This will give the system a 
lower power factor and more kva will be required 
at the coil to attain the necessary heat. 

For some unapparent reason, when a wall of water 
is used between the coil and crucible, ionization of 
the inert gases inside the furnace is net as prevalent. 

An adaptation of the water wall is to surround the 
inductor coil itself with water. By doing this a major 
portion of the radiant heat is eliminated but without 
the disadvantage of increasing the radial clearance 
of the coil. There is some minor arcing and “spitting” 
due to conduction of electricity through the water, 
but this is of a minor nature if distilled or deionized 
water is used. 


Controllers 

To pull a satisfactory silicon crystal, a temperature 
of approximately 1420 degrees C is required and a 
control of + .2 degrees C is desirable. 

Several controllers have been designed specifically 
with this extreme precision in mind and some of the 
r-f generators available are designed with power con- 
trols to be compatible with these controllers to ac- 
complish the end result. 

Basically three types of controllers are available. 
These are: 


1. Mechanical position adjusting 
2. On-Off pulse control 
3. Continuous electronic control 


The first type is merely a controller which feeds 
a signal into a servopositioning motor which drives 
a mechanically-operated power control up or down, 
depending upon whether more or less heat is re- 
quired. This type of control, although very desirable 
in many industrial applications, is of little use in 
present-day semiconductor work. 

The second type of control is an on-off pulse con- 
trol where the number of pulses per second remains 
constant but the duration of on-time for each pulse 
is changed according to the power requirements. This 
type of control was used extensively in early semi- 
conductor work. 

The third type of control is a continuous adjust- 
ment of power output with no mechanical coupling 
or linkages required. This control is used practically 
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exclusively in present-day semiconductor work. See 
Fig. 6. With this method, a continuous signal of 
from 0-5 milliamperes is received from the controller. 
This signal is then fed into a magnetic amplifier 
which amplifies the signal to a level necessary to 
control the power output of the r-f generator by 
means of saturable reactors. The control signal is a 
function of the temperature sensed by the radiation 
detection device. The entire system has a certain 
amount of thermal inertia which tends to damp 
short-term variations in the power due to line voltage 
fluctuations. Inertia will also slow down the recovery 
time when a fluctuation in output from the generator 
occurs. This of course is due to the fact that the con- 
trol system cannot correct for a generator output 
change until this change shows up as a temperature 
change on the crucible. The short-time generator 
output change can be sensed by means of a pickup 
coil in close proximity to the r-f transmission line. 
The output from the pickup is rectified and fed into 
the temperature controller. Thus, any change in out- 
put from the generator is instantly sensed and is 
then corrected for by means of the same control 
sequence as occurs when a temperature change 
occurs. This extra feedback loop is highly desirable 
—since slight fluctuations in power line voltage are 
almost always occurring. Even if the line voltage 
regulation is quite poor this system will usually be 
able to compensate and maintain extremely close 
temperature control. 

Temperature sensing may be accomplished by 
means of either a thermocouple or a radiation sens- 
ing device. The usual thermocouple combination used 
at these temperatures is platinum-platinum rhodium. 
The thermocouple, when used, is usually inserted 
into a hole drilled longitudinally and close to the 
surface of the graphite crucible. The thermocouple 
is inexpensive, rugged, and easy to replace but it has 
several decided disadvantages. It makes rotation of 
the crucible impossible; it senses the temperature 
only at the junction, and sometimes r-f energy is 
picked up by the thermocouple or its leads, causing 
trouble in the controller. 

Radiation sensing devices do not have to be in 
close proximity to the crucible thus eliminating the 
r-f pickup problem. The device is usually focused on 
a fairly large area on the bottom of the crucible 
which allows it to integrate the radiant energy being 
emitted from the bottom. In this manner, if a slight 
change in the crucible occurs, such as a minor chip 
falling out, or a hot spot developing because of a fine 
crack, the over-all radiant energy reaching the sens- 
ing devices will show practically no change and the 
control continues to hold the correct temperature. By 
using a radiant sensing device, rotation of the cruci- 
ble becomes possible. This is highly desirable be- 
cause temperature around the periphery of the cruci- 
ble can be held more uniform. The major dis- 
advantage of a radiating sensing device is that energy 
must reach its sensitive thermopile through a lens 
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Fig. 6—Block diagram of a typical control system. 


system and if this lens system is allowed to beco 
dirty then the energy reaching the thermopb 
changes and an erroneous temperature indication 
obtained. Fogging of the lens system can occur d 
ing a crystal pulling run while the furnace is seal 
This of course must be prevented as much as p 
sible. 

The usual procedure here is to allow some (or al 
of the inert gas to flow over the lens, thus sweepir 
any solids away from the lens with the clean g 
entering the system. 

One type of radiation device available on tk 
market uses a sapphire rod of about %4, inc 
diameter and any length up to about 18 inches < 
part of the lens system. The end of the rod 
mounted in close proximity to the bottom of tH 
crucible. In this type of system gas is not passe 
over the end of the rod and apparently fogging « 
the end is not too serious a problem. 


Resistance Versus Induction Heating 

After this review of the principles of inductio 
heating in the semiconductor industry, it may H 
useful to consider some of the advantages and di: 
advantages of induction heating, with particuls 
reference to resistance heating. 

Since the purity of the metals being processe 
must be high, every precaution must be exercise 
to prevent contamination. In this respect, the six 
plicity of induction heating equipment contribute 
greatly to effectiveness. The susceptor and its sur 
port are made of high-purity graphite, and th 
crucible, radiation shield and furnace enclosure ar 
quartz, which is easy to clean. There is no need t 
bring high current leads to supply power for hea 
ing into the furnace enclosure; the heated portio 
(the susceptor) does not have spirals cut into it < 
does a resistance heater, and thus is infinitely easie 
to clean; and the simple construction of the susceptc 
which has no leads attached makes it easy and ir 
expensive to replace if there is any question of cor 
tamination in the graphite. 

Inherent in the design of a resistance furnace - 
greater thermal inertia which is evident as a mot 
sluggish temperature control cycle. Temperature ris 
is slower and the tendency to overshoot on temper: 
ture is greater. As a result, the initial meltdown take 
considerably more time, the temperature contr 
during the crystal pulling run is not quite as goo 
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ad it takes more time for the furnace to cool down 
y dismantling temperature after the run. 

From the standpoint of initial cost, a resistance 
nace is usually somewhat more expensive than a 
ymparable induction furnace. The reason is that a 
assistance furnace is usually housed in a somewhat 
lassive stainless steel container on which water- 
soling tubes are brazed at various locations. As a 
ssult, it is an expensive, though well built and 
urable, type of structure as compared with the 
mple induction furnace. The pulling mechanism in 
ither case would be the same. Rotation of the cru- 
ible in the case of the resistance furnace would be 
ifficult and is usually not attempted. 

The usual type of resistance heating coil is a single- 
hase helix which draws a heavy single-phase load 
com the power line, unbalancing the three-phase 
upply. Although this can be compensated for by 
perating three furnaces from three separate phases, 
-is unlikely that all three furnaces would be shut 
own at the same time, so that there would still be 
eriods of unbalance. On the other hand, all induc- 


tion units except very small ones are designed for 
three-phase operation. 

Once a resistance furnace is built for a certain 
material, it is quite difficult to modify the furnace for 
new parameters. On the other hand, the induction 
furnace can be operated with different size melts 
and different temperatures with few if any problems 
with each change. 

However, a major advantage of resistance heating 
over induction heating is in the cost of the generating 
equipment, an advantage that is partly overcome by 
the higher cost of the furnace in the initial installa- 
tion. The actual operating cost of a resistance furnace 
is however, greater because replacement parts in 
the furnace are expensive and are rather frequently 
required and since meltdown and cooldown times are 
considerably longer, the operator cost is greater. 
Power consumption of an r-f generator is greater 
than a resistance furnace, but this differential is 
virtually negligible in practice. At one cent per kilo- 
watt hour the power cost to pull a typical crystal 
using induction heating would be only about 50 cents. 
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High Speed Circuit Breakers 


CARL DAVID TODD* 


The normal fuse or circuit breaker does not act with sufficient speed to give adequate pro- 
tection for some devices. For most cases a rather severe overload must occur before any 
protection is afforded due to the lack of precision in setting the trigger point. Utilizing the 
highly stable peak current of tunnel diodes, a high speed circuit breaker which offers 
protection for a ten percent overload may be designed. The elapsed time before the current 
is returned to the design level may be made under a microsecond, even for severe over- 
loads. Additional features gained are stability with temperature and vibration, and the 
ability to trigger or reset the breaker from a remote point. 


“| OME CIRCUITS DEMAND HIGH SPEED operation if any 
degree of protection is to be provided. Ordinary 
fuses and circuit breakers require too much time 

efore they act, and the accuracy of the limit current 

alue leaves much to be desired. Since no sharply de- 
ned limit current exists, only severe overload pro- 
ection is afforded. By utilizing the highly stable peak 
urrent of tunnel diodes, a high speed circuit breaker 
aay be designed to be capable of protection from only 

10 percent overload or less. 

Other added features which will be described are 
smperature stability, low current protection below 
00 microamperes, and the ability to reset by means 
f a trigger pulse if desired. 

In the following sections of this article the circuit 
rill be described and a mathematical analysis will be 


Senior Staff Engineer, Special Products Operations, Hughes 
emiconductor Division, Newport Beach, California. 
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presented. Results from laboratory tests of the cir- 
cuits will also be given. 


Basic Circuit 

The basic diagram of the tunnel diode circuit 
breaker is shown in Fig. 1. Assumed direction of cur- 
rents are shown. All formulas and analyses are con- 
sistent with these assumptions. Transistor Q; is placed 
in series with the load and is controlled by the bias 
voltage across the tunnel diode. For load currents 
below the limit value, I;,,, the tunnel diode will re- 
main in the low voltage state after the reset push 
button is depressed. Under this condition, voltage 
source, V;, supplies enough base current, Iz, to satu- 
rate the transistor. 

As the load current is increased, the current I,, 
through the tunnel diode is also increased. If I, at- 
tempts to exceed the peak current Ip, of the tunnel 
diode, switching action to the high voltage state will 
occur. The voltage across the tunnel diode subtracts 
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from the supply voltage V, and may thus reduce the 
base current of Q; to a very low value or possibly 
even cause the emitter-base junction to be reverse- 
biased. With the base bias current removed, collector 
current ceases to flow and the load is disconnected 
from the supply voltages V; and Vo. Were it not for 
the presence of resistor Re, the tunnel diode would 
switch back to the low voltage state as soon as the 
sum of the load current and Ip decreased below the 
valley current, I;, of the tunnel diode. 


Analysis 


The circuit breaker fires when current I; attempts 
to exceed Ip of the tunnel diode. For the current flow 
assumed in Fig. 1: 


Ij =12.+1n 
=F" bth 
V Va 
or Inu = Ip + Ip — ea 


The base current Iz must be chosen to saturate Q; 
up to the maximum load current, or 
Tim a me k) 


herr 


— Ip 


hpn here is the non-saturated value of the transistor 
current gain taken at a collector voltage, Vow, and a 
collector current equal to I;y;. The constant “k” de- 
termines the degree of saturation produced in the 
transistor. For most transistors, a value of 0.5 is ade- 
quate for k, since this allows a 50 percent base over- 
drive. Should extremely low temperature operation 
(where hy decreases considerably for most transis- 
tors) be required, it may be necessary to use a 
slightly higher value of k. 

For the circuit of Fig. 1, the value of I; is given by 
the expression: 


—Ip= 


Zero base current will flow if V,, the forward voltage 
of the tunnel diode is equal to the value of V;. In 
silicon transistors (or less pronounced in germanium 
transistors), if the value of Vzy is less than a certain 
“knee” value, Vx, as shown in Fig. 2, conduction will 
be negligible. Thus it is only necessary for the sum of 
the tunnel diode forward voltage and Vx to be 
greater than V, in order to turn off Q,. 

The series voltage drop across the circuit breaker 
for values of load current below the maximum limit 
may be approximated by: 


‘Vg = Ve — Ver aty 


where Vy here is less than Vp of the tunnel diode 
(usually some 50 mV for germanium tunnel diodes) 
and the Voz (sat) is measured at the current level of 
interest. 
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Fig. 1—Basic tunnel diode circuit breaker diagram 


The value of I,,, will be slightly dependent on 
supply voltage, V. If the transistor used has a re 
tively high hrz or if Vi is derived from a consti 
voltage source: ¥ : 


% change in Ir 1 


ae % changeinV Ip — 
I» 


1 


For most cases, Ip/Iz will be greater than two, t1 
causing 6 to be less than unity. It is seen that k 
stability in the value of I;3, is obtained when the va 
of Iz approaches Iy and the peak to valley ratio of © 
tunnel diode is high. 
If V, is not held constant or if the hyz of the tn 
sistor is not high enough to neglect the base currs 
the value of § will be slightly larger than that ix 
cated above. In an extreme case it may be twice 
value given by the above equation. If wide variati: 
in supply voltage are expected, V; should be re 
lated to some degree or difficulty may arise in mz 
taining the proper “on” and “off” conditions. 
Variations in I; with temperature will be mai 
caused by changes in Iz as a result of a decrease 
Vue of the transistor. This may be compensated 
by developing the voltage V; across a diode wh 
forward voltage changes in a similar manner. 


Design 

Normal requirements for a circuit breaker wo 
list a trigger current, I, and a supply voltage, (V;, 
V2). A complete design would thus consist of det 
mining the required value of Ip and Iy for the tun 
diode, the values of resistors R; and Rs, the port 
of the supply voltage to be used for Vj, and 
needed characteristics of transistor Q. 

The first step must be the choice of tunnel di 
since the other component values will be somew 
dependent on the parameters of the tunnel diode. 

The value of Ip must be greater than the maxim 
load current, I;4,, by an amount equal to the sum 
Ip and Is. The minimum amount of Is allowable 
equal to the value of Iy of the tunnel diode. In w 
cases, the value of Iz will be only a small portior 
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_ Fig. 2—Typical input characteristic of a silicon transistor. 


the value of the maximum load current. If I; may 
then be temporarily neglected, the requirements of 
the tunnel diode are that the difference between the 
values of Ip and I, be greater than I. It is advisable 
to choose a tunnel diode such that this difference is at 
least 20 percent greater than I; so that accurate ad- 
justment may be made in the final value of I;y by 
controlling Is. 

The transistor used must possess a usable hp» at the 


~ maximum load current. The non-saturated hy of the 


transistor at a collector current of I; should nor- 
mally be 30 or better, though transistors with lower 
values of hry, can be used. The voltage rating of the 
transistor must be in excess of the value of V,; + 
V». If the design is for a zero base current after 
triggering, then the voltage breakdown to be consid- 
ered is BVeno. However, if a reverse Vpn exists in the 
triggered state, the lower of the Vp or BVozo will be 
the limiting value. 

Leakage currents of the transistor will not normally 
be a problem particularly if the design is such as to 
provide the reverse Vz, in the triggered state. If high 
temperature operation at low currents is desired, sili- 
con transistors should be used. 

If high speed is one of the requirements of the cir- 
cuit breaker, then the transistor must also be capable 
of high speed operation. Of particular concern are the 
storage time and turn off time of the transistor. It is 
interesting to note that even low speed audio transis- 
tors will allow faster circuit breaker action than that 
of normal fuses and circuit breakers. 

The next discussion necessary is that of a choice of 


V,. V; should be large enough to provide the required 
Iz; when the tunnel diode is in the “off” or low volt- 


age state, yet it should be less than the sum of the 
valley voltage of the tunel diode and the value of Vx 


as shown in Fig. 2. The effects of temperature on the 
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value of V, (approximately 2.5 mV decrease per 
centigrade degree) should definitely be considered. 


.. 


| 


Ve 


Fig. 3—Tunnel diode characteristic. 


Figure 3 shows the characteristic of the tunnel 
diode. Of particular interest in making the choice of 
V, are the voltages Vp and Vy. V> is the peak voltage 
of the tunnel diode and Vy is the value of V, for a 
practical bias point beyond the valley voltage. If a 
germanium transistor is used, it is convenient to make 
V, slightly less than Vy of the tunnel diode. If a sili- 
con transistor is used, it becomes more convenient to 
make V;, slightly less than the sum of Vy of the tunnel 
diode and Vx of the transistor input. 

Gallium arsenide tunnel diodes exhibit a much 
higher valley voltage than germanium units. This al- 
lows a substantial reverve Vz to be applied to a ger- 
manium transistor thus improving its breakdown volt- 
tage (unless Vp, is the limiting voltage for the tran- 
sistor), its leakage current, and its switching speed. 
Two or more germanium tunnel diodes may be used 
in series with proper circuit modification to give a 
higher switching voltage. 

The supply V; may be obtained from the main sup- 
ply voltage by use of a voltage divider. If the supply 
voltage varies appreciably, it may be desirable to pro- 
vide either a separate supply for V; or use a single 
zener diode regulator to provide a constant voltage 
from which V; may be derived. 

Resistor R; should be selected to give the required 
base current for the transistor. 


Vi — Vy — Vas 


—Iz 


R, = 


V>p is the peak voltage of the tunnel diode. The value 
of Vpnp, used should be that value required to force 
the desired I, with a current equal to I,y flowing in 
the collector, at the lowest temperatures to be con- 
sidered. The value of Ig required is a function of I;y 
and the hr» of the transistor as described previously. 

The final step is to determine the value of resistor 
R.». In order to assure locking once the circuit breaker 
has been tripped, the current Iz must be maintained 
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at a level greater than the valley current of the tunnel _|RESET 
diode. For the supply voltage levels normally used, 
this current will be very close to (Vi + V2) /Re. 

As suggested earlier, the tunnel diode should be 
chosen with an (Ip — Iy) greater than the value of HF |0OI Q, 
I,y. Then, by adjustment of the value of Is, a precise 2ni231 


CHT Ye) 
setting of I,,,, may be obtained. R2z may be calculated 5 Genemellees 4) 


from the expression: 


V, 

Vase Vo | 

= = 20V 
By Tp de Tage REG. 


It may be desirable to use an adjustable resistor 
for Rs to obtain accurate control of I;,. The resistor 
dial markings may be calibrated in terms of Izy. 


Practical Circuits 


Using slight variations in the basic configuration of 
Fig. 1 can yield several useful circuits for current and 
voltage protection. 

Figure 4 illustrates a simple low current circuit 
breaker which may be used when the supply voltage 
is regulated and where temperature excursions are 
not too severe. Proper choice of capacitor C, will pre- 
vent transients from tripping the breaker yet with an 
overall response time in the neighborhood of a micro- 
second. The actual speed of this circuit will be limited 
by the transistor, Q:. 

High speed circuit breaker action is often desired 
where the supply voltage is not regulated. For this 
condition, the circuit of Fig. 5 may be used. The tun- 
nel diode must be chosen with Ip equal to the desired 
Tru. 

The use of a diode for developing the emitter-base 
bias voltage gives adequate stability with supply volt- 
age variation and for considerable temperature 
changes. Two diodes and a resistor network may be 
used if Q, is a silicon transistor. 

Locking action is obtained through the use of a re- 
sistor, Ro, shunting the collector. Normally Q, is in a 
saturated condition and the equivalent d-c collector- 
emitter resistance is much smaller than R». Thus, for 
all practical purposes, resistor Re is out of the circuit. _| RESET 
Once the circuit breaker is tripped however, Voy of 
Q, increases and current will flow through R». This 
current must be made greater than the tunnel diode’s 
valley current for locking. 

If protection is desired from overvoltage of the sup- 
ply, it is only necessary to place a zener diode across 
the load resistor. 

Another configuration for use with an unregulated 
supply is shown in Fig. 6. The dial for potentiometer 
R; may be calibrated directly in values of I,y,. 

By additional circuit modification, the circuit 
breaker may be tripped or reset from a remote point 
by means of pulses. Self-resetting circuitry may be 
added such that as soon as the overload is removed, 
power will be restored. =n 


Fig. 5—High speed circuit breaker for unregulated supply. 


Fig. 6—Circuit breaker with adjustable trip current. 
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A Solid State 125-Watt Linear 


Power Amplifier 


JAMES A. LOSTETTER* 


The design of a very reliable 125 watt linear class “B” push-pull transistor amplifier, 
utilizing a unique common emitter common base compound connection which permits the 
use of higher than normal supply voltages is described in this article. The use of this. 
compound connection makes it easier to select transistors to maximize amplifier perform- 
ance, and because of the functional division of this connection, excellent overall thermal 
stability is obtained. The amplifier described is capable of being used as a “building block” 
in paralleled connections for higher power output. Experimental performance is given 
for transistor mounting base temperatures from 25°C to 70°C. 


higher power outputs, higher frequency operation, 

and reliable operation from higher power supply 
voltages, has stimulated the development of this rather 
unusual high power amplifier. The compound cir- 
cuit used in the amplifier described here, in essence, 
allocates the current gain function and the voltage 
gain function to separate stages as shown in Fig. 1. 

As a consequence of this functional division, and if 
both transistors are fabricated by the same processing 
technique, the following statements apply: 

1. Current gain, power gain, and frequency re- 
sponse of the compound circuit are primarily 
determined by characteristics of the common 
emitter stage. 

2. Voltage capability and power capability of the 
compound circuit are determined by character- 
istics of the common base stage. 

The characteristics in (1) and (2) above tend to 
militate against each other when all must be combined 
in a conventional common emitter stage. Thus, by 
using the compound circuit, it is easier to select or de- 
sign transistors to maximize performance in all cate- 
gories. The compound circuit is also more reliable 
than a conventional common emitter circuit because 
of its inherent immunity to the alpha unity break- 
down voltage condition, and because “thermal run- 
away” will be governed by the common emitter stage 
which operates at a very low voltage. 

Although the following discussion is limited to the 
operation of a Class “B” push-pull linear power am- 


[steno DEMAND for transistor amplifiers with 


_ plifier, the use of this compound connection in switch- 


ing or Class “A” linear modes of operation should 
prove to be equally advantageous. 


* Minneapolis-Honeywell Regulator Company, Semiconductor 


_ Products, Minneapolis, Minnesota. 
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The design objectives of this amplifier are as fol- 
lows: 

1. 125-watt power output. 

2. Total harmonic distortion less than 5% over 
entire audio spectrum at maximum power 
output. 

3. 60% efficiency, or greater, at maximum power 
output. 

4. Minimum use of feedback (high over-all gain). 

5. Operation at mounting base temperatures as 
high as 70° C. 

6. Operation from supply voltages in the 30- to 
40-volt range (allowing for voltage doubling 
Class “B” push-pull operation). 

7. Amplifier configuration capable of being paral- 
leled for higher power output. 


Design Criteria 
To fulfill the efficiency objective, Class “B” push- 
pull operation must be used. Since both sides of this 
type circuit are identical, the following discussion and 
description will be limited to one side of the amplifier, 
unless otherwise indicated. 


A. Common Base Stage 
To achieve a power output of 125 watts with maxi- 
mum efficiency (minimum I°R losses in the output 


Common Base Stage 
High Voltage 
High Power 


Common Emitter Stage 
Current Gain 
Frequency Response 
Low Voltage 


Output 


Fig. 1—Basic compound circuit. 
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transformer and circuit components) , and to use a 
minimum number of transistors, selection of a high 
supply voltage is desirable. This will permit operation 
at lower current levels. Conversely, if too high a sup- 
ply voltage is used in a voltage doubling push-pull 
circuit, it is difficult to obtain transistors with the re- 
quired high voltage capability. With these influencing 
factors in mind, a nominal supply voltage of 40 volts 
was selected to power this amplifier. 

Very low input impedance is characteristic of a 
common base connection. It is in the order of 0.1 to 0.2 
ohms for the “power” type transistors considered 
here. At full drive, the peak voltage drop across the 
emitter base junction of the common base transistor 
is only about one volt. Thus, it is possible to operate 
the common emitter stage at a low voltage level. 
Auxiliary bias voltage for the input loop is best in- 
serted in the base lead of the common base stage 
where the current magnitude is much lower than the 
output current. 

This auxiliary bias voltage (V,) subtracts from the 
collector supply voltage (Voc) when determining the 
peak voltage which the common base stage will de- 
liver to the load without clipping. Therefore, with V, 
= 4 volts the peak load voltage (V_) is: 


Vz = Veo — Vi = 40 — 4 = 36 volts 


With the peak voltage and maximum power output 
(Pout) Known, the peak collector current (Iyax) will 
be: 


Vie 3836 


The effective load resistance (Roz) for each common 
base transistor will be: 


In Fig. 5, choke coupling is used and the load re- 
sistance of 20.72 ohms is connected across the entire 
choke. A multi-tapped choke can be used to couple 
the load to the amplifier if the load impedance is not 
greatly different than the required collector-to-col- 
lector impedance of the common base transistors. Con- 
ventional transformer coupling may also be used. Gen- 
erally, a choke offers the advantages of simplicity, 
higher efficiency, smaller size, and lower cost. 


To Common 


Silicon Base Stage 


Diode 


Fig. 2—Basic common emitter stage with tetrode biasing. 
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In class “B” operation, average collector power 
dissipation is maximum when the amplifier is driven | 
such that peak load voltage is 63.7% of its value at 
full drive (K = .637 in Eq. 1). At this point, the am- 
plifier efficiency is equal to 50%. The average collec- 
tor power dissipation (Pc) for one common base 
transistor during the conduction half cycle of a sine 
wave is: 


2 OP 
po= #2 x2 (1) 
Rep L™ 2 
2 s 2 
Pee E xX 637 — we 
Sake: 2 
Pe = 50 watts 


Since this transistor is turned off for the other half 
cycle, the average power dissipated by the collector 
junction during a complete cycle is equal to half this 
value, or 25 watts. : 

The transistor selected for the common base stage 
must have the following capabilities: 

1. 6.95 amperes collector current. 

2. 72 volts collector-to-base voltage. 

3. 25-watts average collector dissipation at a - 
mounting base temperature of 70° C. (This re- 
quirement, along with maximum junction tem- 
perature rating, determines maximum permis- 
sible thermal resistance) . 

A 3N48 or 3N52 power transistor exceeds these re- | 
quirements. Therefore, either can be used for a con- 
servative design. 

A collector dissipation of about 3 watts for each 
common base transistor is obtained in standby, or 
zero signal conditions. This is the result of a small 
forward bias (about 85 ma d-c) established in the 
common emitter stage to minimize cross-over distor- 
tion in the compound connected amplifier (Note: the 
collector currents of the common emitter and com- | 
mon base stages are very nearly equal). 


B. Common Emitter Stage 
The transistor selected for the common emitter 
stage must meet these requirements: 
1. Linearity—less than 5% distortion. 
2. Stability—operate reliably at mounting base 
temperatures to 70° C. 
3. Current gain and power gain—high gain to 7 
amperes. 
4. Frequency response—good over entire audio 
range. 
A 3N47 or 3N51 power transistor fulfills these re- 
quirements when used as shown in Fig. 2. A separate 
low voltage bias supply is required by the common 
emitter stage. As shown in Fig. 5, this supply (V1) 
must furnish the peak voltage drop (Vp;) across 
diode D;, plus the peak forward voltage drop (Vaz) 
across the emitter-base junction of the common base 
transistor, plus the saturation voltage, (Vomsar)) of 
the common emitter transistor, as well as the neces- 


SEMICONDUCTOR PRODUCTS e OCTOBER 1961 


200 Watts Peak 
Collector Dissipation 


8 
I¢ 
(Amp) 4 
1B=50ma 
0 30 60 90 
Vecp (volts) 


Fig. 3—Composite output characteristic. 


sary working voltage (Ver) across the collector-to- 
emitter of this transistor. 
Therefore, the minimum voltage for V; will be: 


Vi = Vos + View + V cr (sat) + Ven 
Vi=114+ .7+ .54+ 1.0 = 3.3 volts 


Supply V; must only be capable of supplying the 
base current of the 3N48 common base transistor. 
Typical current gain (hyp), for a 3N48, at 7 amperes 
collector current, is 25. Therefore, the peak current 
(I,) requirement for V, will be: 


Establishing the 85 ma d-c quiescent collector cur- 
rent which is used to reduce cross-over distortion, is 
accomplished with the stable voltage divider type of 
biasing network formed by Rs, R; and the d-c resist- 
ance of half the secondary of transformer T,. The 
value of R; may have to be changed to maintain the 
value of I, if a transistor with much different gain 
is used. As shown in Fig. 5, the diodes D, and Dz, in 
series with base one of transistor Q,, block reverse 
drive during the off half cycle. This effectively re- 
duces high frequency distortion. 

Meeting the stability, linearity, and frequency re- 
sponse requirements placed on this stage is enhanced 
by tetrode biasing of transistor Q,, that is, by apply- 
ing the forward bias and input drive signal to base 
one and a reverse, or positive, bias to base two. This 
reverse bias, applied to Bs of Q; through potentiom- 
eter R;, is obtained from the forward voltage drop 
across D;, a silicon power diode. This method of bias- 
ing permits one to balance or match gains of the two 
transistors. By adjusting R; while observing the total 
harmonic distortion of the amplifier, it is possible to 
obtain a sharp null condition, one of minimum dis- 
tortion (balanced output currents from Q; and Q»). 
If low distortion and extended frequency response is 
not a design objective, then diodes D, through D; 
and potentiometer R; may be omitted from the circuit. 

Balanced, out-of-phase drive signals to B,; of Q; 
and Q» are obtained from the center-tapped secondary 
of transformer T; shown in Fig. 5. 


C. Composite Circuit Output Characteristics 
Figure 3 shows a “family” of collector characteristic 
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Fig. 4—Composite characteristic test circuit. 


curves for the composite common emitter, common 
base circuit. These characteristic curves were ob- 
served for a current drive condition, using a curve 
tracer to sweep the collector-to-base of a 3N48 or 
3N52 with a 60-cycle half sine wave voltage. The test 
circuit is shown in Fig. 4. The absence of an alpha 
unity breakdown voltage condition in these character- 
istic curves confirms one of the main advantages of 
this composite circuit. Normally this breakdown con- 


dition is very conspicuously displayed in the form of 


sharply rising collector current in the region of 30 to 
60 volts, in conventional common emitter collector 
characteristics. With a constant emitter current, the 
voltage applied to the collector base junction of a 
common base stage can be safely extended into the 
region of collector multiplication where alpha exceeds 
unity (collector current is greater than emitter cur- 
rent). Therefore, the voltage capability of the com- 
posite circuit is limited only by the breakdown volt- 
age of the transistor collector diode, itself, or the 
reach through voltage, whichever is lower. Because 
this composite circuit has the same voltage phase re- 
versal characteristics as a conventional common emit- 
ter circuit, negative local feedback can be used in 
conventional ways. 


Experimental Results 

A. Dynamic Performance 

To measure the performance of the two-stage am- 
plifier, the primary of the driver transformer, Tj, is 
directly connected to an audio oscillator. The ampli- 
tude of the oscillator is adjusted to obtain the desired 
power output from the amplifier. The following con- 
ditions exist for the circuit shown in Fig. 5 and for 
the performance listed in Table I. 


Vi = 4 volts d-c 
Voc = 40 volts d-c 
Vos = 36 volts d-c 
Rr, = 20.7 ohms 


Icq = 180 ma d-e (total for all 
transistors) 


Frequency = 400 cps 
(unless otherwise stated) 
No special selection of transistors is necessary for the 
performance shown in Table I. 
Total harmonic distortion decreases as a function 
of increasing frequency over the range shown in 
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Table I—Performance with no feedback 


Power Output 125 watts 50 watts 
Power Gain 24.3 db 25.5 db 
Cutoff Frequency, 3 db 14 ke 13 ke 
down point 
Total Harmonic Distortion 
a. 400 cps 3.2% 3.6% 
b. 7.5 keps 18% 2.5% 
Efficiency 70% 42% 


Fig. 6. This is observed in the output wave shape as 
decreasing cross-over distortion as a function of fre- 
quency, and is made possible by the blocking diodes 
in the input drive circuit. A graphical display of total 
harmonic distortion versus power output at 100 cps 
and 7.5 ke is shown in Fig. 7. The increasing distor- 
tion characteristic at lower power output, and lower 
frequency, is the result of more cross-over distortion. 
This effect can be reduced by increasing the quiescent 
current. However, distortion will then increase 
slightly at higher power levels. The optimum condi- 
tion depends on the specific requirements of a par- 
ticular application. 

Figure 9 shows the distribution of total harmonic 
distortion at 125 watts power output and an operat- 
ing frequency of 1 ke. The third harmonic is domi- 
nant. The second harmonic is approximately half 
the amplitude of the third harmonic, and shows the 
result of some even order harmonic cancellation ob- 
tained by balancing the output currents with po- 
tentiometer R;, as previously explained. 


B. Higher Power Parallel Operation 


Applying paralleling techniques to the circuit 
shown in Fig. 5 makes it possible to obtain substan- 
tially higher output power. As shown in Fig. 8, dou- 
bling the number of transistors doubles the output 
power capability. The performance of this paralleled 
circuit is comparable to that of the 125-watt circuit 
shown in Fig. 5. 

The problem of parallel operation of transistors is 
one of current division. With the compound connec- 
tion, this problem is confined to the common emitter 
stage. Individual series base and emitter resistors are 
used in these stages, as shown in Fig. 8, to help 
equalize the current through each transistor. Each 
collector of the common emitter stage is separately 
connected to the emitter of its respective common 
base stage. 

The increased demands on the d-c power supplies, 
output choke (or transformer), input transformer, 
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Fig. 6—Total harmonic distortion vs. frequency. 
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Qi and Qz = 3N47 or 3N51 Honeywell Transistors 
Qs and Qi = 3N48 or 3N52 Honeywell Transistors 
(Triode connected) | 
T: = Input transformer—driving source impedance should be 10 to 
20 ohms—d-c resistance in range of 2 to 4 ohms : 
Li = Output choke or transformer as required. Amplifier is designed 
to deliver 125 watts into 20.72 ohms collector-to-collector of Qs 
and Q: (5.18 ohms collector-to-center tap) 


Fig. 5—125—watt class “B” push-pull transistor amplifier. 


or drive, due to parallel operation, are straightforward 
design problems. 


C. Thermal Behavior 


Because of the critical relation between electrical 
and thermal problems in transistor amplifier design, 
both must be recognized and solved if the perform- 
ance stated in the amplifier objectives is to be real- © 
ized with a reasonable degree of reliability. While 
operating the two-stage 125-watt amplifier under the | 
most severe conditions, i.e. maximum collector dis- 
sipation and at a mounting base temperature of 70° C, 
the only performance degradation noted was a 0.8 
db reduction of power gain. 

The tabulation, (Table II), of total amplifier quies- 
cent (no signal) current, at the various transistor 
mounting base temperatures, is a good indication of 
the thermal stability of this design. All transistor 
mounting base temperatures were maintained at the 
indicated values. These results were obtained without 
the use of emitter degeneration resistance to improve 
stability. 

Thermal isolation of the common emitter stage from 
the higher dissipation, heat generating, common base 
stage will improve the over-all operating point sta- 
bility. This is because the common base stage is stable, 
having no amplified leakage current, and relies on the 
common emitter stage to establish its quiescent col- 
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Fig. 7—Total harmonic distortion vs. power output. 
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Table II 


Total Amplifier Transistor Mounting 
No Signal Current Base Temperature 
170 ma d-c 25°C 
190 ma d-c 40°C 
224 ma d-c 50°C 
260 ma d-c 60°C 
310 ma d-c 70°C 


lector current. Therefore, if the common emitter stage 
can be made very stable, essentially a constant cur- 
rent source, the quiescent current for the entire cir- 
cuit will remain nearly constant, even though the 
common base stage is exposed to higher junction tem- 
peratures. The fact that the common emitter stage 
operates at very low voltage is a tremendous ad- 
vantage in achieving stability and freedom from ther- 
mal runaway. However, the maximum junction tem- 


perature limits of the common base transistor must 
still be observed. 


D. Power Supply Requirements 


To power the experimental amplifier, a 4-volt bat- 
tery, and a 40-volt battery, are required for V, and 
Veco, respectively. V,; supplies the base current for 
transistors Q; and Q,; which is about 280 ma peak. 
Vec supplies the 6.95 ampere peak collector current 
of these stages. Both voltages can be obtained from 
a-c operated supplies provided they are well filtered, 
well regulated, and have relatively low impedance. 
If operation from a single power source is desired, 
_ one of arrangements shown in Figs. 10, 11 and 12 may 
be used for Vj. 

In Fig. 11, V,; is obtained from the combined for- 
ward voltage drops across the silicon diodes. Because 
these units operate only in the forward direction, 
their voltage rating can be very low. 


Conclusions 
A circuit has been described which should find a 
wide range of use in applications where stable high 
power output is required over a fairly wide tempera- 
ture range. The basic common-emitter common-base 
compound connection described combines the ad- 
vantages of both configurations, pushing the operat- 
ing voltage capability of germanium power tran- 
sistors to a new high without the use of series op- 
eration. The basic compound circuit described is also 
more reliable than a conventional common emitter 
circuit, if each is operated under the same conditions, 
and improved frequency performance is possible. 
The amplifier discussed is highly efficient, exhibits 
good power gain, and delivers a high power output 
with low harmonic distortion over a wide range of 
frequency. Through the use of the paralleling tech- 
niques discussed, an amplifier with extremely high 

power output may be designed. 
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Ri, Re = 1 ohm 
Rs, Ri = 47 ohms 
Rs, Re = 0.1 ohms 
Vi = 4 volts d-c 


Vcc = 40 volts d-c 
Qi, Q2 = 3N47 
Qs, Qs = 3N48 (triode connected) 


Fig. 8—250-watt amplifier parallel operation (only one 
side of circuit shown). 
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Fig. 9—Distribution of total harmonic distortion at 125 
watts—1 keps. 
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Fig. 10—Zener diode circuit for V;. 
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Fig. 11—Series string silicon diode circuit for V,. 
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Fig. 12—D-C power converter circuit for V,. 
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A Study of Gain Control In Audio Amplifiers 


J. HEINCHON* 


In some low frequency applications it is desirable to be able to control the gain of the 
amplifier electrically in order to incorporate an age system. It is usually desirable that the 
frequency response not vary over the gain control range. Several methods of gain control 
which can be utilized with an age circuit were investigated. These include changing the 
operating point and using diodes or transistors as resistances which are variable with volt- 
age derived from an age circuit. The most practical means of obtaining the desired control 
in a low frequency amplifier is through the use of feedback using a particular type tran- 
sistor. The output impedance of the selected transistor should vary with an age voltage 
such that frequency response remains relatively constant. Such a transistor which pro- 
vides approximately 30 db of age range with little change in response, is described herein. 
Several other age circuits are described along with some of their advantages and dis- 


N SOME LOW FREQUENCY CIRCUITS it is 

desirable that the gain control of an 
amplifier be accomplished automatically 
by some source of voltage derived from 
an automatic gain control (age) circuit. 
A typical application is in a dictaphone 
circuit where the best recording is ob- 
tained when the output of the low fre- 
quency (audio) amplifier is not greatly 
affected by the intensity of the speak- 
er’s voice (input). 

The age control voltage for the am- 
plifiers discussed herein may be derived 
from various sources but in this study, 
the interest lies primarily in the con- 
trol of gain. 

The transistors described as low fre- 
quency units, MADT® units and MAT® 
units are, respectively, 2N223’s or 
2N224’s, T1692’s and 2N393’s. 


Methods of Gain Control 
A. Changing the Operating Point 


With an age voltage applied directly 
to the base of a low frequency amplifier 
as shown in Fig. 1, the d-c operating 
point of the amplifier is changed 
thereby changing the device gain. The 
response of the amplifier broadens pro- 
portionally with the applied age voltage 
(see Fig. 7) because of the operating 
point change. A second disadvantage 
with this system, in addition to the 
change in response with applied age 
voltage, is that the power handling 
capability of the amplifier decreases 
as the cutoff point is approached. 


B. Use of Diodes as Variable Resistance 
Elements 


Since diodes have resistance charac- 
teristics which vary with the voltage 
across them, they can be utilized in a 
circuit as variable resistances. Diodes, 
however, have at least one inherent 


* Applications Engineer, Philco Corporation, 
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advantages. 


disadvantage in that for all but ex- 
tremely small signals the diode re- 
sistance will follow the signal. The 
variation in resistance with the signal 
will create a distorted output. For this 
reason diodes were not extensively in- 
vestigated for use in low frequency 
gain control circuits. 

Some diode circuits which might be 
used with extremely small signals are 
described below. 


1. A Diode as a Variable Load 
Resistance 


In the circuit of Fig. 2, a diode is 
utilized as a variable load resistance; 
its resistance is dependent on collector 
current. Since the diode resistance, in a 
forward biased state, is low for prac- 
tical values of collector current, the 
load resistance, Rx, must also be made 
low so that small changes in diode re- 
sistance will affect the total load of the 
amplifier sufficiently to cause a large 
enough change in gain. The required 
low value of load resistance will not 
permit optimum gain to be derived 
from this configuration. 


2. A Diode as a Variable Shunt 
Resistance 


In the circuit of Fig. 3 a diode is 
utilized as a variable shunt resistance; 
the shunt resistance is determined by 
the magnitude the age voltage applied. 


3. A Diode as a Variable Feedback 
Resistance 


In the circuit of Figure 4, a diode is 
utilized as a variable feedback re- 
sistance. This circuit appears to be the 
most useful diode circuit. 


C. Feedback to Provide Gain Control 


Although there are many possible 
methods of obtaining gain control, the 
method which appears to be the most 
useful for this type of amplifier is feed- 
back. In feedback circuits, part of the 


output power is returned to the input 
in such a manner as to increase the 
output power (positive or regenerative 
feedback) or to decrease the output 
power (negative or degenerative feed- 
back). In age circuits, degenerative 
feedback which can be controlled by 
the output signal amplitude is the type 
of feedback used. 


IK 


Fig. 1—Low frequency amplifier with 
age voltage applied directly to its base. 


t 
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Fig. 2—Low frequency amplifier utiliz- 
ing a diode as a variable load. 
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Fig. 3—Low frequency amplifier utiliz- 
ing a diode as a variable shunt 
resistance. 
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Fig. 4—Low frequency amplifier utiliz- 
ing a diode as variable feedback 
resistance. 


- Resistive Feedback 


With resistive feedback, gain and fre- 
quency response are affected by the 
amount of feedback introduced. The 
amount of feedback is commonly ex- 
pressed in terms of the resulting de- 
crease in amplification. As an example, 
20 db of feedback means that the gain 
of an amplifier with feedback is 20 db 
less than the gain of an amplifier with- 
out feedback.’ As the gain of an ampli- 
fier is decreased with feedback the fre- 
quency response broadens. Thus, the 
gain of such an amplifier decreases less 
at the extremes of the response curve 
resulting in effectively less loop feed- 
back at these extremes than at the 
center. The net results is a cumulative 
action which results in additional 
broadening of the response with in- 
creased age. The increase in bandwidth 
of the amplifier can be explained ma- 
thematically as follows. 

The voltage gain of an amplifier, with 


feedback is: 


feo 
1— dA 


where G is the overall gain of the am- 
plifier, A is the gain of the amplifier 
without feedback and 2 is the fraction 
of the output which is fed back to the 
input. For degenerative feedback, 1A is 
negative and the sign must be con- 
sidered. The quantity |1A| is commonly 
termed the feedback factor. The ex- 
pression for the overall gain of the am- 
plifier becomes: 


nem ASS 
“1+ [AA| 


and as |AA| becomes much greater than 
unity, 1+ |AA| approaches |AA| making 
the overall gain expression: 


A | 


Gi = 
r 


Tha] ; |AA|>>1 
This is no longer dependent on the gain 
of the amplifier without feedback. 
Since i, in resistive feedback, is a re- 
sistance ratio which is independent of 
frequency, the gain of an amplifier with 
large amounts of resistive feedback is 
substantially independent of frequency; 
the result is a broad frequency re- 


‘sponse. 
~ 


1Terman, F. E., Electronic & Radio Engi- 
- neering, Fourth Edition McGraw-Hill Book 
= Co., Inc., 1947, P. 375 
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Fig. 5—Low frequency amplifier utiliz- 
ing three transistors one of which 
acts as a variable feedback resistor. 
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! 
iy 


100 


Fig. 6—Collector to base feedback using 
a transistor as the variable feedback 
resistance. 
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Fig. 7—Response of amplifier with age voltage applied directly to its 
base. The. age voltages indicated are all negative. Note also that the 
quantity shown in parenthesis indicates the number of db to be 
subtracted from these curves in order to obtain the actual curves. 
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Fig. 8—Response of amplifier with resistive feedback. 
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Relative Response In db 


1000 £0,000 
Frequency In C.PS. 


Fig. 9—Response with MADT as feedback component and a 12K load. 
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Fig. 10—Output capacitance for the three types of transistors used in the feedback 
circuit of Fig. 6. 
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Fig. 11—Response vs. age voltage for MADT and MAT transistors for various loads. 
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. is indicated on each curve. 


Transistors as Feedback 
Resistances 


The response of an amplifier witl 
relatively good low frequency charac: 
teristics does not change much at low 
frequencies with increased feedback 
However, it does vary substantially a 
high frequencies with relatively pur 
resistive feedback. (See Fig. 8) #3 
should be noted that in drawing e: 
response curves the amount of feedbac. 
at the midband frequency was added & 
order to facilitate comparison of 
curves. The number of decibels adde 


Since the output capacitance and re 
sistance .of a transistor varies with op 
erating point, it may be used as 
variable feedback component. 

In the circuit of Fig. 5, three transis: 
tors are utilized in a low frequene: 
amplifier with feedback and age ampli 
fication. In this circuit, T: is the low 
frequency amplifier, T; acts as an un 
bypassed emitter resistance, providin 
variable degenerative current feedba 
and T: is an age amplifier. Biasing mus. 
be provided for T; in order that its re 
sistance be low with no age voltag 
applied. In order to minimize resistane: 
and degeneration with no age voltag: 
applied, T; should be in saturation. A’ 
age voltage is applied, the resistance o« 
Ts increases, increasing feedback ana 
decreasing gain. The most significanr 
disadvantage to this circuit, however, i 
that power is required to keep Ts; ix 
saturation even with no agc voltage ap* 
plied. The biggest advantage to this cir: 
cuit is the fact that the age voltage re< 
quirement is low becaus~ of the ag: 
amplifier. Depending upon the powe: 
available from the age source, it max 
be possible to eliminate the age am 4 
plifier, Ts. 

In the circuit of Fig. 6, an MAD? 
transistor (Philco T1692) was used a: 
the feedback component (Trs in ths 
circuit). The response of the amplifie: 
with various amounts of feedback i: 
shown in Fig. 9. This curve also show: 
the response of a low frequency tran- 
sistor (2N224) with no age voltage ap- 
plied to it. A comparison of the curve: 
for the low frequency transistor and fo: 
the MADT transistor with no age ap- 
plied is essentially a comparison of the 
output capacitance (C..) of the twe 
units. The low frequency unit has < 
much higher output capacitance thar 
the MADT for all degrees of feedback 
A comparison of the output capaci- 
tances of the 2N224, the MADT and the 
MAT transistors is shown in Fig. 10 
From these curves it is evident why 
the high frequency response of the low 
frequency unit is not as good as tha 
of the MADT. The low frequency com- 
parison between the low frequency uni 
and the MADT indicates that the out- 
put resistance (roe) of the 2N224 i 
higher than the output resistance of th 
MADT with no feedback. 

As age voltage is applied to the bas 
of the MADT, introducing feedback, th: 
high frequency response increases du 
to the decrease in output resistance o 
the transistor. The output capacitance: 


foes 
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hange is slight with low amounts of sudasd/Gaui asst cadtststesttentssttsaiied 
edback. As saturation is approached, Neer eeeetreset cerecesesateanataeea 

owever, the output capacitance in- sesesueebeseslses 

reases rapidly causing the response to 
ecrease. After the transistor is satu- 
ated, the output capacitance increases 
lowly again and the change in output 


esistance is again the prime factor in iE i Hee HEUEE i 
etermining the increase in response. : HH 'SEEAEGHSGEGLEGESGHOSEOLEOSCRSEIBAEEOEEETE 
output, however, is distorted due yes £5505: [osseHe4led/ascetcscoseateatelfaesscates 


it \GROROHGGOEGROSEERSS 
El ceeesesees 


) the changing output impedance with 
a Figs. 9, 10, and 11 show pre- 
isely what is happening as feedback is 

reased. 
‘With the MADT as the feedback 
omponent in the circuit of Fig. 6, if Seung 
aore feedback is desired a larger value iaiauteeas \GetEes 
f load resistance can be used. Fig. 11 F rt 

ea Pain 


Vee In Volts 


TT 
=! Ssaunas 
Sid Ge." ENE RENE e 
aOR RESSReees es 
£3 


lustrates the amount of useful feed- ETH Hae 

ack which can be obtained with iuniee 

arious low frequency amplifier loads. 

Vhen the age voltage reaches approxi- 

aately three volts the MADT becomes ee ree = 
aturated as indicated by the rapid 30 35 40 45 50 55 60 65 70 75 80 85 90 
ownward bending of the curves. After AGC. Voltage In Volts 


edance changes with ene a" ‘the Fig. 12—AGC voltage vs. Von for high and low d-c beta MADT and MAT tran- 


ers ethan varies with the sistors in the feedback circuit. 
which introduces distortion in 

1e amplifier. 
An important factor in determining 
iow much feedback can be obtained 


s the saturation resistance of the feed- 0 = — 

ack transistor; but since the current Ee Para 
s limited by the 12K load, a good ss i Seeteeni, 
measure of the saturation resistance is -2 ‘i et 


he collector to emitter saturation volt- 
ge (Vee sar). In the circuit used, Von 
nust be less than 0.1 volts (Rreeaback = 
00 ohms) for approximately 30 db of 
eedback which is less than Ven sar for 
he MADT type transistor. A compari- 
on of the collector to emitter voltage 
or the MADT and MAT type transis- 
is shown in Fig. 12 as a function of 
voltage. Useful control of gain is 
tained until the curves in Fig. 11 turn = e 
n a vertical direction. The curves indi- Ita a fin i 
ate that the greatest control range for 
he MADT can be obtained with a 22K 
dio frequency load resistance. 

An MAT transistor has an output 
apacitance similar to that of the MADT 
iS shown in Fig. 10 but it has a much 
ower saturation voltage (Fig. 12). The 
ypical saturation voltage of the 2N393 
MAT transistor is .05 volts which al- 
ows more feedback. The response curve 
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f the amplifier using a 2N393 transistor ; tliat ty 
is the feedback component (Fig. 13) o i iiss = $SSe el Ht 
ndicates that there is little variation in -4 i 

me response between 0 db and 30 db a 4 

i feedback. 
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Fig. 11 shows the range of feedback 2-3 his 
vhich can be attained with the same Sea Ssesteeeien 
ange of voltage that was used with ® FE te 
he MADT as the feedback component. Bs ieee 
The effective low frequency amplifier Se i sateen as 
id is the parallel combination of the = 4 ofS 
ollector load resistances of both the Sees te wali 
mplifier and the feedback transistors. S-e = — 
ae feedback transistor load, however, or 444 ieee 


kept fixed at 12K ohms for all the ss 
rements. This 12K resistor de- -10 
ines the current at which the feed- = oes 

ck transistor saturates. The relative iithinees ees: meseees ta = 
sponse. versus age voltage for the ~ 30 ina a eS a 
~~ Frequency C.P.S. 


(Continued on page 53) Fig. 14—Response using an MAT as the feedback transistor and a load of 2.2K. 
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PATENT REVIEW* 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Aug. 4, 1959 to Aug. 25, 1959. In subsequent issues, patents issued from Aug. 25, 1959 to date 
will be presented inasimilar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


AUGUST 4, 1959 

2,898,407 Ignition Systems—R. L. Jaeschke. 
Assignee: Eaton Mfg. Co. A transistorized 
automotive ignition system. 


2,898,407 Electronic Telephone System— 
G. C. Foster. Assignee: General Dynamics 
Corp. A transistorized automatic tele- 
phone switching system. 


2,898,411 Gain Control Circuit For Semi- 
conductor Amplifiers—W. F. Chow. As- 
signee: General Electric Co, An auto- 
matic gain control circuit. 


2,898,454 Five Zone Composite Transistor 
With Common Zone Grounded To Pre- 
vent Interaction—B. D. Loughlin. As- 
signee: Hazeltine Research Inc. A system 
employing a multiple unit junction tran- 
sistor, sections of which can operate 
independently of each other, and which 
are employed in at least two different 
circuits. 


2,898,462 Demodulator—J. C. Karison. As- 
signee: Bendix Aviation Corp. A discrim- 
inator circuit employing saturable reac- 
tor elements with reset windings having 
a transistorized operating-voltage control 
circuit. 


2,898,474 Semiconductor Device Encapsu- 
lation—R. F. Rutz. Assignee: IBM. High 
current capacity device having low asso- 
ciated capacity is encapsulated in a trans- 
lucent body of mesistylene. 


2,898,476 Transistor Control Apparatus— 
J. R, Jensen. Assignee: Minneapolis- 
Honeywell Regulator Co. A system in 
which transistor switching action is used 
to control a large-power output circuit. 


2,898,477 Piezoelectric Field Effect Semi- 
conductor Device—D. H. Hoesterey. As- 
signee: BTL. A piezoelectric element is 
used to control the operation of a semi- 
conductor device which is constructed in 
intimate contact therewith, said control 
being effected in response to a mechani- 
cal signal input. 


2,898,478 Reduction of Multivibrator Re- 
covery Time—G. L. Haugen. Assignee: 
Bendix Aviation Corp. A monostable tran- 
sistor multivibrator having a short re- 
covery time. 


2,898,479 Clock Pulse Circuit For Tran- 
’ sistor Flip-Flop—M. R. McElroy. As- 
signee: Huges Aircraft Co. A system which 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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introduces a clock pulse into a common 
emitter circuit in such a way that its 
effect upon the flip flop is determined by 
the input conditions. 


2,898,481 Electric Circuit Arrangement— 
H. A. Gahwiler. Assignee: Contraves A. 
G. (Switzerland). A transistor controlled 
RC discharge circuit having a linear 
discharge characteristic. 


2,898,515 Thyraton Control Circuit—J. Ry- 
wak. Assignee: Northern Electric Co. Ltd. 
(Canada). A transistor control circuit for 
a two grid thyratron. 


2,898,521 Electric Circuit Component—C. 
J. Creveling. Assignee: USA Dept. of the 
Navy. A printed electrical circuit com- 
ponent on which the individual electrical 
elements thereof are mounted so that 
their leads are attached only at the edges 
of the component. 


2,898,522 Circuit Package—C. Hamden. 
Assignee: IBM. A circuit package where- 
in different functional characteristics may 
be obtained by appropriate switching of 
associated miniature modules. 


2,898,526 Trigger Circuit For Use In Time 
Division Multiplex Systems—R. B. Trous- 
dale. Assignee: General Dynamics Corp. 
A trigger circuit which has sufficient 
power output to maintain a relay oper- 
ative during successive time position 
frames. 


2,898,528 Silicon Semiconductor Device— 
H. Patalong. Assignee: Siemens Schuck- 
ertwerke. A. G.) (Germany). A _ silicon 
device having contact electrodes made of 
a gold-antimony alloy containing between 
0.2% to 5.0% antimony. 


2,898,556 Oscillator—J. Matarese. Assignee: 
Sylvania Electric Products Inc. An os- 
cillator circuit employing both an elec- 
troluminescent device and a photocon- 
ductor in a configuration whereby the 
interaction between the two produces an 
oscillatory effect. 


2,898,557 Transistorized Voltage Controlled 
Oscillator—R. K. Dahlin. Assignee: North 
American Aviation Inc. A temperature 
compensated, stable frequency, voltage 
controlled time base circuit. 


2,898,579 Magnetic System—T. H. Moore. 
Assignee: RCA. A magnetic shift register. 


AUGUST 11, 1959 


2,898,668 Manufacturer of Semiconductor 
Devices—R. D. Knott, M. R. Young. 
Assignee: The General Electric Conplntds 
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In a bead electrode device, means 

molding the bead material around - 
end of a lead wire prior to effecting : 
contact with the semiconductor body.) 


2,899,050 Radiation-proof Package 
Crystal Diodes—R. B. Collins, Jr. 4 
signee: Microwave Associates, Inc. , 
shipping or storing package for prevent: 
damage to semiconductor devices asi 
result of exposure to r-f fields. 


2,899,343 Junction Transistors and Me* 
ods for Making Them—H. Statz. 4 
signee: None. A narrow base junct* 
semiconductor device wherein an impt 
ity gradient is created in the base : 
gion, said gradient varying as the hyp: 
bolic sine of the distance from * 
emitter. j 


2,899,344 Fabrication of Semiconducx 
Devices Having Stable Surface Charact: 
istics—M. M. Atalla, E. J. Scheibner, a. 
E. Tannenbaum. Assignee: Bell Telephe. 
Labs. A method of producing surfd 
oxide films which induce desired cc 
ductivity type surface regions in ser 
conductor devices. 


2,899,372 Method of Manufacturing PF’ 
toconductive and Rectifying Element* 
J. M. Hanlet. Assignee: Centre d’Etue! 
et de Developments de 1’Electroniq* 
CEDEL (France). A method of prepary 
conductive base plates for the devi« 
described whereby a crystalline layer ° 
semiconductor is formed on said bx 
plate by cathodic projection from - 
layer of pure metal. 


2,899,547 Paging Communication Syst 
—R. P. Crow and R. R. Yost Jr. A 
signee: Motorola, Inc. A miniature por 
ble receiver for use in a narrow ba: 
frequency modulation paging commun 
cation system. 


2,899,569 Diode Circuits—R. J. Kirct 
Assignee: Bell Telephone Labs. Transm? 
sion and terminal impedance circuits ¢ 
described which employ p-n junciii 
diodes operated in and near the consté 
voltage region of their reverse cond 
tion characteristic. 


2,899,570 Switching Circuit—J. D. Joha: 
nesen, P. B. Myers, J. E. Schwenker. 

signee: Bell Telephone Labs. A high sp 
transistor gating circuit for use in infd 
mation handling systems. 


2,899,571 Switching Circuit—P. B. Mye 
Assignee: Bell Telephone Labs. A trai 
sistor controlled magnetic core gating ce} 
cuit wherein the low impedance state ¢ 


2 maintained continuously by a pulsed 
r a-c drive applied to the magnetic core. 


899,572 Three Phase Power Supply—C. 
I, Skelton, I. Donnell, W. F. Donnell. 
ssignee: Texas Instruments Inc. A three 
hase, 400 cycle output is derived from a 
equency divider network supplied by a 
300 cycle crystal oscillator generated 
gnal fed through a pulse former circuit. 


899,606 Transistor Controlled Gaseous 
adicator Circuits—W. J. Hicks. Assignee: 
linneapolis-Honeywell Regulator Co..A 
‘ansistor switch for a gaseous indicator 
ibe circuit. 


899,610 Electrode System Comprising 
rystal Diodes or Transistors—J. J. van 
mstel. Assignee: North American Philips 
‘0. Inc. Heat dissipating electrode systems 
xr semiconductor devices. 


899,642 Transistor Test Set—L. W. Hus- 
sy. Assignee: Bell Telephone Labs. A 
ortable test set for indicating collector 
urrent with the emitter circuit open, 
nd current amplification factor. 


899,646 High frequency Negative Resist- 
nee Device—W. T. Read, Jr. Assignee: 
ell Telephone Labs. A device having ne- 
ative dynamic resistance at frequencies 
f the order of hundreds of megacycles. 


899,648 Transistor Oscillator for Vibrato 
lurposes—M. B. Gregory. Assignee: The 
aldwin Piano Co. A frequency modula- 
ion system employing an audio oscilla- 
#8 and a subaudio oscillator which gen- 
rates the vibrato signal. 


899,652 High Frequency Negative Resist- 
nce Device—W. T. Read Jr. Assignee: 
ell Telephone Labs. In a semiconductor 
evice, means for localizing the field 
eneration of charge carriers in the space 
harge region. 


899,659 Photocells—O. T. Mcllvaine. 
ssignee: None. Means for producing 
iultiple assembly photocells. 
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899,952 Electrical Fuel Injection Control 
levice for Internal Combustion Engines 
-R. Zechnall and K. Paule. Assignee: 
obert Bosch G. M. B. H. (Germany). 
. device for controlling the amount of 
uel injected each cycle in proportion 
) the air drawn into the engine. 


900,215 Transistor Record Driver — S. 
choen. Assignee: The National Cash 
egister Co. In a magnetic tape system, 
record driver circuit in which a pair 
f transistors are operated as ON-OFF 
ype switches. 


900,280 Formation of Layers of Photo- 
onductive Materials—H. G. Lubszynski 
nd J. Wardley. Assignee: Electric and 
Tusical Industries Limited, (England). An 
Vaporation technique for forming photo- 
onductive layers on a support. 


900,286 Method of Manufacturing Semi- 
onductive Bodies—B. Goldstein. Assignee: 
CA. A method for introducing rectifying 
arriers in  semiconductive materials 
Thich contain a volatile nonmetallic ele- 
lent. 


900,287 Method of Processing Semicon- 
uctor Devices—G. M. Bestler and T. W. 
liner. Assignee: Minneavolis-Honeywell 
egulator Co. A method for producing 
lloyed junction devices with ohmic con- 
cts. 


2,900,456 Direct Coupled Feedback Tran- 
sistor Amplifier Circuits. J. J. Davidson. 
Assignee: RCA. A high dynamic input 
impedance amplifier circuit wherein var- 
iation of the operating points of the 
transistors included in the circuit is mini- 
mized. — 


2,900,506 Phase Detector—L. A. Whetter. 
Assignee: Sperry Rand Corp. A phase 
detector circuit which produces a d. ec. 
output that changes polarity in response 
to phase reversals in the a-c input. 


2,900,507 Sampling Circuit—S. C. Rogers. 
Assignee: Bell Telephone Labs. An ar- 
rangement for reducing the effects upon 
storage devices, of open circuit leakage 
through transistor switches in intercon- 
nected sampling circuits. 


2,900,508 Discriminator—R. M. Tillman. 
Assignee: Burroughs Corp. A solid state 
pulse averaging frequency discriminator. 


2,900,522 Solid State Network—C. S. Reis. 
Assignee: Hewlett Packard Co. In a solid 
state network suitable for switching, 
counting, storage, etc., and containing 
electroluminescent devices and _ photo- 
conductive devices, light-coupling therein 
controls the operation of the system. 


2,900,530 Transistor Protection Circuitry— 
R. W. Rowland. Assignee: Vitro Corp of 
America. A current limiting protective 
circuit for a transistor. 


2,900,531 Field-Effect Transistor—J. T., 
Wallmark. Assignee: RCA. A filamentary 
bipolar germanium transistor with means 
for controlling the injection and flow 
therethrough of minority current carriers. 


2,900,532 Compensating Circuit—G. H. 
Barnes. Assignee: Burroughs Corp. A 
wow and flutter compensating circuit for 
a subcarrier discriminator of the pulse 
averaging type. 


2.900,533 Multiple Delay Line—R. E. 
Howes. Assignee: The National Cash 
Register Co. In a delay line, means for 
causing a pulse to be reflected back and 
forth between the ends of the line prior 
to being sensed at the output. 


2,900,582 Transistor Test Set—J. L. Moll. 
Assignee: Bell Telephone Labs. Apparatus 
for determining the large signal alpha cut 
off frequency of transistors. 


2,900,584 Transistor Method and Product— 
V. E. Bottom. Assignee: Motorola, Inc. 
Method for fabricating and alloyed junc- 
tion transistor. 


2,900,606 Transistor Multivibrator—A. H. 
Faulkner. Assignee: General Telephone 
Laboratories, Inc. A multivibrator with 
provision for independent control of 
both cycle period and pulse width ratio 
per cycle. 


2,900,608 Modulating Circuits—J. L. Car- 
roll, J. Ewels. Assignees: Electric and 
Musical Industries Limited (England). A 
signal modulator arrangement employing 
a erystal controlled oscillator. 
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2,900,701 Semiconductor Devices and 
Methods—D. I. Coggins. Assignee: Syl- 
valnia Electric Products Inc. Means for 
producing hermetically sealed semicon- 
ductor diodes including introduction of a 
dessicant within the structure to reduce 
the adverse affects of trapped moisture. 


2,900,702 Method of Treating Silicon 
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Surfaces—R. S. Ohl. Assignee: Bell Tele- 
phone Labs. In a method of treating sili- 
con, methyl alcohol is applied to a sili- 
con surface as a final stabilization step. 


2,901,325 Method of Preparing Silicon— 
H. C. Theuerer. Assignee: Bell Telephorie 
Labs. A traveling molten zone tech- 
nique which includes provisions for re- 
moving boron impurities from silicon. 


2,901,342 Purification of Indium—W. J. 
Siemons. Assignee: E. I. DuPont de Ne- 
mours and Co, A means for the oxidation 
and removal of zinc impurities from 
indium, 


2,901,554 Semiconductor Device and Ap- 


. paratus—I. A. Lesk. Assignee: General 


Electric Co. A semiconductor device pro- 
viding a method for changing the cur- 
rent gain in response to the applied volt- 
age, without changing the operating point 
of said device. 


2,901,556 Semi-Conductor Amplifiers—R. 
Chapman, L. E. Robinson. Assignee: In- 
ternational Standard Electric Corp. A 
multistage crystal triode amplifier for 
use in a hearing aid. 


2,901,558 Transistor Amplifier Circuits— 
R. R. Webster. Assignee: Texas Instru- 
ments Inc. A means for neutralizing the 
effects of interelectrode capacities in 
transistor amplifier devices. 


2,901,612 Phase Shift Detector—L. E. 
Dwork, C. Huang. Assignee: Sylvania 
Electric Products Inc. A balanced phase 
discriminating circuit employing two op- 
posite type junction transistors, said cir- 
cuit being suitable for use as a discrim- 
inator in an f-m receiver. 


2,901,638 Transistor Switching Circuit— 
C. Huang. Assignee: Sylvania Electric 
Products Inc. A switching system applica- 
ble to computers including a_ bistable 
multiple-emitter transistor circuit. 


2,901,639 Semi-Conductor Multivibrator 
Circuit—H. J. Woll. Assignee: RCA. A 
monostable multivibrator circuit which 
employs a pair of intercoupled opposite- 
conductivity-type transistors and a timing 
capacitor which is rapidly discharged 
through one of the transistors to achieve 
a high ratio of charge to discharge time; 
which may be used as a frequency di- 
vider for counter applications. 


2,901,640 Transistor Gates—L. Steinman. 
Assignee: Litton Industries, Inc. A triple 
input single transistor gate for combin- 
ing three bilevel input signals to form 
a single bilevel output signal. 


2,901,641 Three-State Electronic Circuit—E. 
L. Wolf. Assignee: General Dynamics 
Corp. A three state circuit which func- 
tions as a scale of three counter. 


2,901,669 Daytime Off Solar Cell Flasher 
Circuit—J. J. Coleman. Assignee: Servel, 
Inc. A lamp flasher, including solar 
cells, which in daylight biases the tran- 
sistors of the flasher circuit to a noncon- 
ducting state. 


2,902,660 Electric Modulating Devices—E. 
Weisshaar. Assignee: Siemens-Scheick- 
ertwerke A. G. The Hall effect in InAs 
or InSb is employed to produce a mod- 
ulator circuit. 


(To be Continued) 
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CONDENSED SUMMARY 


Among the topics discussed are: definition, model, im- 
purity wave functions, observations of impurity conduc- 
tion, methods of calculating electrical conductivity at low 
concentrations, and the transition to a metallic form of 


conductivity. 


Basic principles and applications of the Esaki diode. 


The Hall effect and resistivity of seven crystalline samples 
of highly purified tellurium were investigated over the 
temperature range —190°C to +350°C. 


Discussed are: The nature of the thermoelectric effect 
design parameters, choice of materials, variation of per- 
formance with temperature, and practical devices. 


The circuit described is capable of producing square waves 
of less than 1 cps to over 2 mc, with no sag and only 
slight overshoot. 


Samples predictions are illustrated for determining rise, 
fall, storage, and delay time, using the stored charge and 
lifetime concept outlined in Part 1. 


A handy slide rule to reduce tedious calculations involved 
in the design of tunnel diode amplifier circuits. 


High speed switching at relatively high-voltage levels is 
possible using a tunnel diode transistor combination. 


A discussion of gain, stability and circuit behavior for a 
parallel type amplifier. Factors such as bias requirements 
and stabilization, as well as temperature behavior, are 
analyzed. 


The design of single-and two-transformers convertors is 
discussed and the performances .compared. Design steps 
are indicated and two practical designs are worked out as 
examples. 


Design of non-saturating inverter and pulse amplifier 
circuit is discussed. Back-clamping techniques are used 
in the designs presented to prevent saturation. 


A direct measurement of recovery time of diodes below 
approximately 3 nonseconds has not been practical. This 
eS method gives accurate results below 1 non- 
second. 


Avalanche operation is reviewed and a criterion is de- 
veloped for selecting transistors with this property. Basic 
avalanche circuits are presented and factors influencing 
design and application are discussed. 


Complementary transistor modulator has carrier and sig- 
Hel suppression at output, gain greater than 3 db, and high 
inearity. 


Tabies and design formulae are utilized in design proce- 
ure. 


Description of the production processes in the manufac- 
ture of germanium-alloy transistors. 


Transistor temperature characteristics, fixed resistance 
biasing, effects of variability of components, biasing with 
a temperature-sensitive resistor, sources of error, and 
approximation, are discussed. 


Topics discussed are: Planks radiation theory, the Bohr 
atom, the de Broglie hypothesis of wave particle duality, 
the Schroedinger equation, the transmission of electrons 
through a potential barrier, the hydrogen atom, and ap- 
plication to solid state physics. 


Matrix elements are calculated for acoustic-mode scatter- 


ing of holes in the valence band structure typified by 
germanium. 


This paper analyzes cadmium sulfide films in terms of 
the physics involved and the effect upon microwave fields. 
Experimental procedures indicate possible application. 


Both the circuitry employed and the theory of operation 
are discussed. Measurement of I.D. at any frequency on a 


point-by-point basi ithi 
ae Sis within the range of 400 to 20,000 cps 


To reduce cross modulation in a transistor r-f stage, two 

ees are acon Tt seco eae the distortions 
er or controlled workin oint, using a predis- 

tortion or push-pull modulation. 2 See 


Le Paper, in a broad survey of the subject, describes the 
ory, develops expressions governing their parameters, 


aes methods of manufacture and describes applica- 


A laboratory device for o i i 
i perating transistors at selected 
npown temperatures in the 15° to 95° C range is described. 
i 1s simple, rugged, and easily constructed. 


Description of a bonded type diode composed of a silver- 


gallium wishker and a - i 
frequency is higher than 150 kar ae eae 
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CONDENSED SUMMARY 


Experimental results to demonstrate high linear amplifica- 
tion with high Sequency diffused base transistors in the 
common base configuration are presented. Also demon- 
strated are the causes for the above. Expressions in 
optimum bias voltages and currents are derived, and a 
general method for analytically treating nonlinearity in 
all transistor configurations is presented. 


The problems of producing a general simulator model of 
a parametric amplifier are discussed. A brief discussion 
of the theory behind parametric amplification is followed 
by proposals for three models. 


The reverse transient behavior of junction diodes for a 
rectangular pulse of forward current, is analyzed, and 
the results verified experimentally. 


It is shown that the period between the reversal! of cur- 
rent and the reversal of voltage depends exclusively on 
the lifetime, diffusion length, and thermal equilibrium 
Sete of minority carriers in both regions of the junc- 
ion. 


Defining the transit time as the ratio of the excess base 
charge to the collector current, the transform of the 
transit time is approximated. For a_ one-dimensional, 
homogeneous-base transistor, the results of this tech- 
nique are in good agreement with exact calculations. 


This paper describes how a Hall-Effect isolator can be 
combined with voltage-controlled (or short-circuit stable) 
negative conductances (Eskai Diodes) to produce a uni- 
directional amplifier. 


Some procedures for active network synthesis that require 
the use of negative resistance are presented in this paper. 


A three dimensional theory of impurity band formation 
in degenerate germanium which is a modification of the 
other current theories is described. 


Investigation of conductivity type determinants, and See- 
beck coefficient, electrical conductivity, and thermal con- 
ductivity as a junction of impurity concentration are 
described. 


Semiconductor surface barrier height under a metal con- 
tact is measured by infrared absorbtion techniques. 


Measurements of conductance, lifetime, light induced 
contact potential changes, and contact potential are con- 
ducted for bombardment cleaned silicon surfaces and 
during absorbtion of molecular oxygen and hydrogen. 


The Seebeck coefficient, resistivity and thermal conduc- 
tivity are measured as a function of the freezing velocity. 


At low temperatures the current across grain boundaries 
in n-type germanium is determined by carrier generation 
and annihilation in the space charge region. 


Experimental results concerning current flow across grain 
boundaries in Ge bicrystals with different boundary 
structures and a wide range of donor content are 
presented. 


Applications and limitations of tunnel emission devices 
are discussed and several successful devices are described. 


The motion of radiation induced defects in germanium 
under the influence of a high electric field in the space 
ennres region of a reversed biased p-n junction is dis- 
cussed. 


A method based upon differences in dielectric constant 
between two samples of the same semiconductor the dif- 
ference being due to variations in carrier concentration. 


The etch rate of silicon in solutions of various composi- 
tions selected from the system, HF, HNOs H2O and 
HC2Hs02 has been investigated over the temperature 
range 0° to 50°C. 


The method does not require cutting of samples and 
destruction of rods. Current contacts are made to the 
ends of a rod with strips of metal foil, Hall contacts are 
made with two titanium blades which close on the rod. 


The purest indium arsenide has a carrier concentration 


several times the intrinsic value. Measurements have 
been made and conclusions reached regarding this 
phenomenon. 

The effects of anisotropic distribution of impurities 


within the crystals were observed in the electrical prop- 
erties of the diodes. The lifetimes of minority carriers at 
high injection levels (forward bias) was observed. 


By varying the channel conductance the supply voltage 
can be shifted from the unipolar to transistor to the EL 
cell and vice versa. An approach to the design of a control 
element is given with an example. 


A method of measuring magnetoresistance coefficient of 
cubic materials is described. The method utilizes two flat 
samples of arbitrary perimeter. 


Experimental studies were made on electrical resistivity, 
Hall coefficient, and magnetoresistance of As-, Sb-, and 
(As + Sb)—doped germanium. 
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By the experiment of ferromagnetic resonance absorption 
at room temperature, three magnetic quantities were 
measured at the same time: saturation magnetization, 
crystalline anisotropy, and the Lande’ splitting factor. 


A single crystal of n-type germanium was alloyed with 
rests! on a (111) plane, and the resulting regrown 
layer of p-type germanium was observed. 


The low-temperature electrical breakdown effect in n-type 
germanium which was observed by Sclar and Burstein, 
and Koenig and Gunther-Mohr, is discussed from the 


hot electron theory. 


The anamolous boundary effect similar to those found by 
Fukushima in quartz were studied by X-Ray diffraction 
topography methods in Ge and Si single cr stals. Results 
are reasonably explained by assuming a strain gradient 
perpendicular to the boundary. 


Method of keeping grown rods straight for long operating 
periods. 


A pressure-measuring method is described which pre- 
vents condensation or liquefaction occurring in the ma- 
nometer or in the line connecting it to a vacuum system. 


Results of experiments on aluminum, copper, iron, tan- 
talum and some extrinsic semiconductors are analyzed. 


Preparation of InSb crystals and the construction and 
performance of photocells based on InSb are described. 


The deviations from equilibrium which occur during cool- 
ing an alloy are calculated for a simple case. The cases of 
vacancy concentration, short range order of the atoms 
and precipation are calculated for a stepwise way of 
cooling and for a constant cooling rate. 


The room temperature pulsed magnetic field infrared 
cyclotron resonance data of Keyes and co-workers in 
indium antimonide is interpreted using the k.p. perturba- 
tion technique of Kane, which is extended to include the 
effects of a d-c magnetic field. 


The valence band of cadmium sulfide is split by spin- 
orbit and crystal field effects into three nearly degenerate 
bands at k-o. The magneto-optic absorption spectrum of 
direct excitons formed from the top valence band and 
the conduction band has been studied-in detail. 


EL due to d-c excitation occurs in activated ZnS films 
at 2.0 volts. It is concluded that the acceleration collision 
theory of EL at low voltage is ruled out. 


The two-electron Auger-type transition which occur when 
an ion of sufficiently large ionization energy is neutralized 
at the atomically clean surface of a diamond-type semi- 
conductor are discussed. 


Photoconductivity in single crystal CdS is strongly in- 
fluenced by the characteristics and energy distribution of 
shallow traps. In the present work a more extensive study 
using current noise measurements, is reported. 


A comparison is made of the cyclotron resonance theory, 
and the experiments of Fletcher, Yaeger and Merritt. 
Values of the effective mass constants which best fit the 
data are found. 


Formulation of the theory governing the photothermal 
effect, and the case of small temperature elevation in an 
infinite slab is worked out in detail. 


The magnitude of and the crystalline anisotropy of the 
magnetoresistance are interpreted in terms of the changes 
in the donor wave functions which are produced by the 
magnetic field. 


Thermal conductivity measurements are reported for five 
single crystal Ge-Si specimens containing 0-7.56 at. % Si. 


Far-infrared cyclotron absorption in n-t 

) -type InSb has been 
measured to determine the variation of the conduction 
electron effective mass with magnetic field. 


This paper shows that in transistor-like three-la 

I i - -layer struc- 
ee with the base either open-circuited or directly 
shorted to the emitter region, negative resistances are 


observed when any tw i r 
SARs ees y o of several effects listed occur 


Several experimental tunnel diode r f i i 
¢ é -f oscillators which 
pociate at frequencies from 610 to 8350 me are described. 
ae ems related to oscillation frequency, power output, 
and wave shape are treated analytically. 


An analysis and derivation of th . 
i ; e noise figure = 
diode microwave amplifier are presented- etek sr 


A joint IRE-AIEE Task Grou iH i 

7 p report on “Tr - 
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How to 

buy °25 

bills for 
1875 


Can they afford to buy money? 
He can set aside as little as $5 a week 
for Savings Bonds by signing a Payroll 
Savings application where he works. In 
a year they’ll own Bonds worth nearly 
$350 at maturity, at a cost of $260. 


In case you haven’t heard, $25 
bills are on sale at any bank. 
They’re better known as US. 
Savings Bonds. The $25 variety 
costs you $18.75, and you can get 
them all the way up to a $10,000 
blockbuster for just $7,500. These 
aren’t the kind of bills you ordi- 
narily use for groceries, of course. 
Most folks tuck them away to 
grow (they mature in 7 years, 
9 months) and then cash them in 
for tuition, or a long vacation, or 
something else they want. Why 
not start buying them regularly? 


Six Nice Things About 
U.S. Savings Bonds 

- You can save automatically on the 
Payroll Savings Plan - Your Bonds 
earn 334%, %% more than ever 
before - You invest without risk 
- Your Bonds are replaced free if lost 
or stolen - You can get your money 
with interest any time you need it «: 
You save more than money— you 
buy shares in a stronger America. 


You save more 


APPLICATIONS 
ENGINEERING DIGESTS 


APPLICATIONS ENGINEERING DIGEST NO. 7: 


Circle 198 on Reader Service Card 


Thermal Resistance and Power Dissi- 
pation; Rheem Semiconductor Corp., 
Mountain View, Cal. (K. Crandall) 


Thermal resistance is defined as the 
temperature rise across a _ material 
caused by power flow through it, just 
as electrical resistance relates voltage 
drop to current flow. In a thermal sys- 
tem, the quantities of interest and their 
electrical analogues are temperature 
and voltage, power and current. The 
unit of thermal resistance is the °C/watt 
which is analogous to the ohm = volt/ 
ampere. In practice, the effect of ther- 
mal resistance is displayed on a thermal 
derating plot as in Fig. 74.1. 

The effect of the addition of a heat 
sink to a transistor can be understood 
by breaking the total thermal resistance 
into two series components: 6;-¢ (junc- 
tion to case thermal resistance), and 
Oc-4 (case to air thermal resistance). 
See Fig. 74.2. The effect of adding a heat 
sink is to reduce $¢_4, which in turn re- 
duces the total thermal resistance from 
the junction to the air. An example is 
given to illustrate how junction tem- 
perature is reduced by the addition of 
the heat sink. 

It should be noted that the maximum 
power dissipation given by the data of 
Fig. 74.1 is for steady-state conditions. 
In pulse applications where the “on” 
duty cycle is low, the instantaneous 


P; ® 
Chi 


Fig. 74.2—Equivalent thermal circ 


steady-state value because of the lens 
of time required to heat the juncti: 


Example: : 
AT; == (th, (6y-c a Qc-4) 3 Ty => a + L 


where AT; =junction temperature 1 
because of dissipated 
power 

P;=power dissipated in jun 
tion 
67-c =junction-to-case thermr 
resistance 
6c_a4 = case-to-air thermal re- | 
sistance 
T; =actual junction temperz 
ture : 
Ts = ambient temperature 


Let Ps = 500 mw, Ts = 25°C, TO-5 tre 
sistor in free air 
6s-c = 30°C/W 
§c-a = 157.5°C/W 
Ty = Ta + Pos (Os-¢ +6c-a) 
25°C + (5 W X 187.5°C/W) 
118.8°C 


Il I 


power dissipation may exceed the 
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Study of Gain 
Control 


(From page 43) 


AT transistor with various low fre- 
lency amplifier load resistors would 
> similar to those for the MADT as 
own in Fig. 11. 

Fig. 14 shows the response of the am- 
ifier using the MAT transistor as the 
edback component and a 2.2K load 
sistor. This graph indicates that only 
) db of feedback can be obtained with 
ie 2.2K ohm load as compared to 30 
» with 12K. 


Low Frequency Response 


Although the primary interest of this 
udy was in the high frequency re- 
yonse of the amplifier it should be 
ted that the low frequency response 
limited primarily by the by-pass and 
upling capacitors. The values of these 
apacitors indicated in Fig. 6 are large 
2n0ugh to satisfy most low frequency 
quirements. 


Feedback Transistor Requirement 
Summary 


It has been noted that not all tran- 
stors satisfy the requirements of a 
edback transistor in the circuit of Fig. 
‘The necessary requirements are: 

1) Low collector to emitter (output) 
capacitance (C..). This requirement 
is fulfilled by high frequency tran- 
sistors. 

2) Low collector to emitter saturation 
voltage (Vee sar). 

The low output capacitance should 
ary in such a manner as to decrease 
1e response of the amplifier in the 
ame proportion as the decreasing out- 
ut resistance (ro-) increases the re- 
ponse. A 2N393 for example, has an 
utput capacitance which most nearly 
atisfies this requirement.” 

The saturation voltage of the feed- 

ack transistor should be low enough 

9 that the transistor does not become 

aturated during any part of the col- 

sctor voltage swing. That is to say, for 
ny desired amount of feedback, the 

-c feedback resistance must remain 

onstant. If saturation is reached the 

sedback impedance will vary with the 
mplitude of the signal. Again, an MAT 
atisfies this requirement. 


Summary and Conclusions 


In low frequency amplifier circuits 
utomatic gain control can be obtained 
jithout greatly affecting the frequency 
esponse of the amplifier. 

The transistor configuration shown in 
ig. 6, utilizing a transistor as a voltage 
sedback resistance was extensively in- 
estigated. The output capacitance and 
he collector to emitter saturation volt- 
ge are the most important character- 
stics to be considered in the selection 
f a transistor feedback component. The 
N393 possesses the desired combina- 
ion of these characteristics so that it 
aakes an excellent feedback transistor. 


SEMICONDUCTOR EXECUTIVES 
$12,000 to $30,000 


SEMICONDUCTOR SALES MANAGER—$25-30,000 
Major manufacturer of a full line of  semi- 
conductor devices seeks man with six or more years 
experience in sales management of electronic 
components, Capable of leading force of sales 
engineers throughout country, as well as distribu- 
tor sales personnel, Experience necessary in sales 
forecasts, hiring and training. Company is ex- 
tremely competitive on prices, backed by a solid 
manufacturing group able to produce high quality 
devices at lowest possible cost. 

MANAGER, PROCESS DEVELOPMENT—$16,000 
Major manufacturer of transistors and diodes seeks 


man with three or more years experience in 
process engineering, with ability to investigate 
entire process to aid in development of new or 
improved devices, Should have experience in pro- 


duction techniques as he will be required to set 
up pilot line to develop and manufacture small 
quantities of these devices and then scale up for 
the production department. Prefer advanced degree, 
will consider B.S. 


DEVICE DEVELOPMENT ENGINEER—$15,000 
Major manufacturer of semiconductor devices seeks 
device development engineer with three or more 
years experience, of which at least one year has 
been in high frequency diffused transistors. Man 
will be at a project level directing five to seven 
engineers on advanced “devices for UNF applica- 
tions. Extremely fine opportunity for advancement 
as this is a division of a major electronics firm 
expanding their semiconductor division. 


SEMICONDUCTOR PACKAGING ENGINEER — 
$15,000 
Medium size manufacturer of semiconductor de- 
vices seeks man with three to four years experience 
in all phases of packaging semiconductor devices. 


Should have experience in multiple packaging of 
devices for logie circuits as well as all phases of 
individual device packaging. Will lead group of 
three to five engineers and all associated tech- 
nicians. 
APPLICATIONS ENGINEERS—to $14,000 
Rapidly expanding manufacturer of semiconductor 
devices seeks man with two or more years ex- 
perience in transistorized circuitry design, espe- 
cially in the areas of UHF and VHF, to work in 
Applications Department. This group offers tech- 
nical assistance to the field sales force and fre- 
quently requires making field trips to assist 
customers in circuitry problems. Ample opportun- 
ity for advancement. 
MECHANIZATION ENGINEER—to $12,000 

Medium size manufacturer of semiconductor de- 
vices, planning to mechanize entire production 
line, seeks man with three years experience de- 
signing automatic machinery and tooling. Should 
have experience dealing with outside vendors to 
advise on purchase of equipment from outside 
sources, 


MATERIALS. RESEARCH MANAGER—to $18,000 
Rapidly expanding semiconductor manufacturer 
seeks Ph.D. in Physical Chemistry or Metallurgy 
to lead group of scientists in materials research 
study, strong emphasis on I1I-Y compounds. 

SCORES MORE 
All expenses paid by employers, Completely con- 
fidential—no_ referrals without your permission. 
If you are interested in knowing more about these 
and other Semiconductor Executive positions avail- 
able through our services, but don’t have a 
prepared resume, simply jot your home address 
and phone number on the back of your business 
card and mail it to: 


Glenn J. McKorkle, Semiconductor Division 


AVIES - SHEA, Inc. webster 9.3833 


332 South Michigan 


Chicago 4, Ill. 


Electronics Personnel Consultants 


SERVING THE ELECTRONICS INDUSTRY EXCLUSIVELY 
—WITH INTEGRITY 


BOUND VOLUMES—LIMITED OFFER 


The publishers of SEMICONDUCTOR PROD- 
UCTS have on hand a limited supply of 
bound volumes of 1960 issues. Handsomely 
bound in a sturdy cover to insure years of 
lasting use, these volumes are ideal for li- 
braries, company reference libraries, or en- 
gineers’ personal files. There are less than 
100 of these issues in existence, and they 
make a fine collectors item, Price: $20.00. 


Audio transistors have a high output 
capacitance (collector to emitter) 
which increases rapidly as the transis- 
tor is driven toward saturation. The re- 
sult of the increasing output capaci- 
tance is a continual decrease in the am- 
plifier high frequency response as feed- 
back is increased. An MADT transistor 
nearly retains the response of the am- 
plifier (Fig. 9) but since the saturation 
voltage of the MAT unit is lower, more 
feedback can be obtained using it as 
the feedback component. (30 db com- 
pared with 15 or 20 db for the MADT 
unit). Load resistance values can be in- 
creased to increase the amount of feed- 
back which can be obtained. 

Changing the operating point of a 
transistor to obtain age changes its fre- 
quency response; this occurs when an 
age voltage is applied directly to the 
base of the low frequency amplifier. 

A diode can be used as a variable re- 
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Bound Volumes 
SEMICONDUCTOR PRODUCTS 
300 W. 43rd St. 

New York 36, N. Y. 


sistance in age circuits as a variable 
load, as a variable shunt or as a vari- 
able feedback component. Diodes, how- 
ever, can only be used with extremely 
small signals because their resistance 
follows large signal changes causing 
distortion. 

Three transistors can be utilized for 
a low frequency amplifier (Fig. 5) with 
current feedback as the method of gain 
control. This configuration, however, 
requires a power drain even with no age 
voltage applied and it requires that 
three transistors be used. 

The circuit of Fig. 6, used with a 
2N393 as the feedback component is 
the circuit which more nearly retains 
the frequency response of a low fre- 
quency amplifier and which allows the 
most feedback to be obtained. It is this 
circuit and transistor which is recom- 
mended for best results in a low fre- 
quency automatic gain control circuit. 
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Market News... 


Sales 


The U.S. Department of Commerce, BDSA, has reported that 
the estimated shipments of semiconductors by U.S. producers 
for the first quarter of 1961 was 15% higher in volume and only 
$2 million dollars more in value than in the fourth quarter of 
1960. The following table shows the dollar value at $146 million 
and the volume at nearly 113 million units. 


Estimated Shipments of Semiconductors during the First Quarter of 
1961 1/ 


Quantity Value 
(in thousands of units) (in thousands of dollars) 
Non- Non- 
Mili- mili- Mili- mili- 
Category Total tary tary Total tary tary 
Semiconductor Devices . 112,682 28,339 84,343 146,039 59,953 86,086 
Diodes and rectifiers 60,419 20,278 40,141 41,946 18,615 23,331 
Germanium diodes 
and rectifiers ....... 37,721 11,688 26,033 13,352 5,387 7,965 
O=100hma’ Snare 33,868 “yf Cesta sy: | Zi Zi 
Over 100 ma ..... 3,853 Zi 27 1,810 2 2/ 
Silicon diodes and 
GEGUIILETS gee fee ural ote 22,698 8,590 14,108 28,594 13,228 15,366 
0-100) ma) seas. ns 8,401 4,838 3,563 10,535 6,887 3,648 
Recovery time: 
none, or over 
OSI USCC ae sserere 63347 35530)" 23817063350 9s,962) 2,390 
Recovery time: 
0.1 usec and less. 2,054 1,308 746 4178 2,925 1,253 
101 ma—1.4 amps. 12,094 3,155 8,939 10,998 3,567 7,431 
Recovery time: 
none, or over 
OPP MISES o Siays are 10,861 2,973 7,888 9,342 3,187 6,155 
Recovery time: 
0.1 usec and less 1,233 1825) A051 15656 380 1,276 
1.5 amps—7.5 amps 452 241 211 1,187 591 596 
Over 7.5 amps .... 1,751 356 1,395 5,874 2,183 3,691 
Special semiconductor 
Gevicess hs ecchecaosee 10,887 1,745 9,142 19,684 7,897 11,787 
Voltage regulator 
GiodeSs a re ee 2,207 979 1,228 8,156 3,707 4,449 
0-550 mw maximum 
dissipation ......, 1,429 742 687 3,832 1,996 1,836 
Over 550 mw maxi- 
mum dissipation .. 778 237 541 324 te 2 613 
Voltage reference 
Giodesisntimetn see 204 77 py aley (2 550 822 


Multi-layer devices 
(controlled rectifiers, 
PNPN diodes, and 


related devices) .... 295 56 239 2,338 694 1,644 
Microwave diodes 
(mixers and detectors) 
and variable capaci- 
tance diodes (para- 
metric diodes, har- 
Behe generators, 
Gigs Sobaonipacoseos 803 464 339 : F 
ee Ss semi- 3 Ae ee ae 
conductor devices 3/ 363 34 32 
ther special ces? 9 2,984 1,066 1,918 
conductor devices */ 7,015 135 6,880 2,810 324 2,486 
MLANSISCOTS! Vr erlaaae ele 41,376 6,316 35,060 84,409 33,441 50,968 
Germanium Ss... 37,810 4,150 33,660 55,157 13,093 42,064 
0-999)mwa ces... 34,985 3,742 31,243 45,553 10,354 35,199 
0=29:9) Me vires 26,997 2,560 24,437 25,128 4,882 20,246 
ay ee perce Bi poe 4,913 9,780 1,876 7,904 
1 watt ae 4 1 1,893 10,645 3,596 7,049 
_all frequencies 2,825 408 2,417 9,604 2,739 6,86 
Siison SORTING 3,566 2,166 1,400 29,252 20,348 £504 
ee aoa Be E973) 1221 752 12,629 8,272 4,357 
oR oa mcr sue AUS ST 978 653 9,996 6,395 3,601 
La Peeper os A at eo 90 2,302 1,657 645 
ee watts, all ? He re ut 
requencies -....... 1,133 
10 waits and over, 845 288 12,364 8963 3,401 
allfrequencies .... 460 100 360 4,259 3,113 1,146 


i/ Mstimat z ; : ; E ; 
ol ant transfers. shipments including intra-plant and inter- 
i eld to avoid disclosing the operations of individual 
3/ pe eee ele cells, piers detectors, DRGIOEORGHGIOC Gel 
, rand the ee ‘vices, photodiodes, photoelectric-magnetic devices, 
ncludes diodes and rectifiers of selenium, co i 
materials; tunnel diodes; th i Dea Sareea 2 
: others, not eerie paca ee semiconductor devices; and 
ource: e quarterly Joint Survey of Producti iliti 
eR Smn raedas Sees by the Blectrenies fo Ro 
Y fo} e : 
oe Dea ene epartment of Defense, and the Elec- 


Japanese exports of transistors to the United i 
first quarter of this year, according to the Mince rae eae 
was 975,000 units. This was an increase of over 2% times ine 
386,000 figure for the same period in 1960. During 1960 U.S. export 
of semiconductors to Japan totaled $1,154,000. Bisco ta 


o4 
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Factory sales of transistors increased by more than 2.7 milll 
and total value of units sold by more than $1 million in Ju 
according to the figures released by the Electronic Indust 
Association’s Marketing Data Department. 


Factory Sales Factory Sales 


(Units) (Dollars) i 
June 17,899,005 $26,148,746 
May 15,128,181 25,113,042 
April , 15,072,064 27,388,278 
March 15,129,273 29,815,291 
February 13,270,428 25,699,625 
January 12,183,931 22,955,167 
Jan.-June ’61 88,682,882 $157,120,149 
Jan.-June ’60 60,485,683 $152,932,961 


Johnson & Hoffman Manufacturing Corporation, Mineola, N 
York, manufacturers of precision metal stampings and dee 
drawn parts, has appointed the following sales representativ\ 
Robert Awig & Associates, Cleveland, Ohio; A. V. Doran Cox 
pany, St. Louis, Missouri; The Alfred A. Lee Company, Phoem 
Arizona; Nero Electronic Sales Corporation, Wilmette, MIlina 
Steele Technical Sales, Winter Park, Florida; and Armstro 
Sales, Inc., Cincinnati, Ohio. 


| 

Semi-Alloys Inc. has announced the appointment of 4 
Wexler-Court Sales Corporation as their representative for t 
eastern half of the United States from Minneapolis throut 


Boston and New York. ay 


The Lansdale division of Phileo Corp., has opened a new sera 
conductor sales office in Englewood, Col. : 


Suppliers 


General Instrument Corp.’s semiconductor division has di 
continued all production of silicon mesa transistors and is ne 
converting to a full line of silicon epitaxial planars in TO- 
and TO-5 packages. The firm has also announced the availi 
bility of a line of silicon rectifier replacements. Types IN12! 
IN2630, IN570, IN1150, IN2389 and IN2490 are designed with 4, 5 
pin as well as octal bases. These units are priced at $11.50 ea: 
in lots of 100 and up. 


Electronic Metals and Alloys, Inc., Watertown, Mass., has a: 
nounced the availability of clad material with 99.999+% pw 
gold at standard clad prices. 


Kewaunee Scientific Equipment, division of Kewaunee Man: 
facturing Co., Adrian, Mich., has available a welder enclosui 
for manufacturing semiconductors. 


Dow Corning’s silicon division, Hemlock, Mich., is offering: 
new packaged one-piece crucible charge in diameters up to I 
inches. Advantages claimed for the crucible charges are that the 
have not been cast and have not come in contact with any co: 
tainer, and can be used directly out of the package withos 
being cleaned. 


Semi-Alloys, Inc., Mt. Vernon, N.Y., has developed a stam; 
ing process which produces flat, intricately shaped pellets an 
washers from semiconductor materials with thicknesses as loi 
as 250 millionths of an inch. 


Financial 


Sprague Electric Company, North Adams, Massachusetts, hi 
declared a quarterly dividend of 30 cents per share on the Con 
pany’s common stock, payable to the stockholders of record 
the close of business on August 30, 1961. 


ERRATA 


In our August 1961 Market News section, on page 18, und 
the heading “Sales,” we published a table of “Estimated Shit 
ments of Semiconductors, during 1961.” The correct heading f 
the table is, Estimated Shipments of Semiconductors, during 19 


modern design can save you 
$20,000 a month 
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DURAMIC M120FT GLASSING MOLDS 


. » . Can mean dramatic savings in a 
5,000,000-seals-per-month semiconduc- 
tor operation.* 


The Duramic M120FT mold is com- 
pletely inert and dimensionally stable 
— it will not act as a reducing agent 
and will not show wear. 


Semiconductor manufacturers have 
found that Duramic M120FT molds de- 
liver a significantly better production 
yield and — most important of all — a 
proven superior-quality end product. 


cb 


Duramic Products Inc. 


426 Commercial Ave. Palisades Park, N. J. 
Windsor 7-0310 


*Applications Bulletin 122 contains complete 
technical data on Duramic’s Mi20FT molds, 
as well as the results of an economic sur- 
vey of Duramic-versus-carbon tooling costs 
in a typical semiconductor seal operation. 
Free on request. 


Circle No. 46 on Reader Service Card 


idustry News (R&D) 
from page “17) 


A highly sophisticated flat rectangular enclosure, suit- 
ble for Multi-element Components, thin film circuits and 
alid state circuits, is under development at Philco Corp.’s 
licroelectronic Department laboratories. The 2-D en- 
losure features a true glass-to-metal hermetic seal, rather 
an a solder seal. A microelectronic device can be mounted 
irectly on the metal plate which forms the base of the 
ackage. According to William F. Long, manager, Micro- 
lectronics Department, Lansdale Division, efficient heat 
issipation is provided and hot spots are eliminated, since 
1e metal plate can be mounted on an external heat sink. 
fe stated that the number of leads and package dimen- 
ons can be varied to conform to a particular miniaturiza- 
on approach, such as the printed circuit, micro module, 
ad welded (stacked) mounting techniques. 


y 
A pulsed ruby optical maser has been operated as a 
ght amplifier by Bell Telephone Laboratory scientists. In 
4e experiment, two ruby masers were set up in tandem. 
pulse of light from one maser, operating as an oscillator, 
fas beamed into the other. Amplification of the light by a 
ictor of two was observed. The two rubies were fired si- 
lultaneously. The output from the amplifying ruby was 
leasured by a photomultiplier tube. Both the signal going 
ito the amplifier and the signal coming out were dis- 
layed on a dual-beam oscilloscope. Gain was measured 
y comparing the output-to-input ratio when using the 
mplifier to that obtained when the amplifier was removed 
om the beam. The amount of gain that can be obtained 
spends on the temperature of the amplifying maser and 
le pumping power. A net gain of a factor of two was ob- 
rved at —40°C. 
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The application of semiconductor physics to piezoelectric 
ceramics was one of the key developments in piezoelec- 
tricity discussed recently in Chicago by Dr. Hans Jaffe, 
director of electronic research for Clevite Corporation, 
Cleveland. Speaking before the 140th annual meeting of 
the American Chemical Society, Dr. Jaffe said that fhe 
control of excess electrons has been recognized as of major 
importance in improving piezoelectric ceramics. “The 
semiconductor phenomena in these materials exert a strong 
influence on their piezoelectric properties,” he said, “and 
we are developing techniques to control them by doping in 
much the same way that semiconductor materials are 
doped.” Dr. Jaffe said that the new techniques have done 
much to make possible major developments in the piezo- 
electric field, a new 20,000-volt ignition source, radio fre- 
quency filters that can greatly improve the performance of 
transistor radios and transducer elements for sonar and 
ultrasonic devices that provide superior power handling 
capacity. He also discussed the recent observation of strong 
piezoelectric effects in such semiconductor crystals as 
cadmium sulfide and zinc oxide. Work in this area is con- 
tinuing at major laboratories around the country. Both 
semiconductor and piezoelectric fields can be expected to 
continue to benefit greatly from the new scientific insight 
which is resulting from the interplay of the two disciplines, 
said Dr. Jaffe. 


A new silicon transistor that can perform the jobs of up 
to 40% of the more than 2,000 transistor types now on the 
market has been developed by RCA. The new unit is 
adaptable to a wide variety of uses in the complex elec- 
tronic circuits of military weapons and communications 
systems, industrial control devices, data processing equip- 
ment, and high quality consumer products. A company 
spokesman stated, “we have succeeded in wedding triple 
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OUR 


ACOUSTICA ULTRASONICS MAY DO 
CLEANING JOB IN 1/35 THE TIME! 


Incomparably fast and thorough cleaning is 


yours with Acoustica ultrasonic cleaning sys- | 


tems. One major connector manufacturer, for 
example, has reduced the job of cleaning 21,000 
components from 416 man-hours to 12! Another 
company cleans 600-circuit slip rings in a 15- 
second ultrasonic dip. You, too, can save time, 
money and rejects with an Acoustica system. 
Write for free application data sheets. 


COMPLETE LINE OF VACUUM- 
TUBE AND TRANSISTORIZED 
MODELS AVAILABLE FOR IMME- 
DIATE DELIVERY. WE INVITE 
YOUR REQUIREMENTS FOR 
CUSTOM-DESIGNED UNITS. 


acoust1iCca 


GENERAL ULTRASONICS DIVISION 
10400 Aviation Boulevard, Los Angeles 45, Calif. 
463 Old Country Road, Westbury, L.1., N.Y. 


COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 2,873,392; 2,947,889; 
2,956,538; 2,956,789 AND BY FOREIGN PATENTS. OTHER U.S. AND FOREIGN PATENTS PENDING. 
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Supplies regulated ™# 
voltage output down 
to the millivolt region 


for tunnel diode biasing applications. 
Switchable to a constant current supply. 
Settable short circuit protection also 
makes it an ideal unit for general labora- 


tory use. 


*Constant voltage only. 
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SEND FOR COMPLETE CATALOG 


TAACYAT ELECTRONICS INC. 
is IW 111 Pleasant Ave., 
AWE E Roosevelt, Ny. 
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diffusion and planar manufacturing techniques, both rel: 
tively new and highly exacting processes, in a single trar 
sistor. Along with other techniques, they have combine 
to give the 2N2102 phenomenal powers for amplifyir 
switching or regulating current flow. In addition, they a 
ford the device great electrical stability and reliability.” 


Eric Kolm, president of U. S. Sonics, Inc., maker 
piezoelectric ceramics, has announced the development | 
a solid state 455 KC ceramic filter, paper-thin and no bi) 
ger in diameter than a lead pencil. It is designed to repla: 
the standard mechanical transformer which goes into eve: 
receiving set and promises to be a signficant breakthrouy 
in the manufacture of radio and TV sets, as well as othi 
types of communication equipment, Mr. Kolm predie: 

The tiny i-f filter makes it possible to tune to one statia 
at a time, instead of receiving all transmissions simult- 
neously. Encased in its pea-sized “can”, with lead-wir: 
attached, it is fully adaptable to automated assembly tect 
niques. The ceramic filter cannot get out of tune, and w 
serve, highly resistant to physical shock and variations 
temperature, for the life of the set. Additionally, it offe: 
superior performance in being much less susceptible 
“microphonics,” or unwanted sound waves, than the cor 
ventional transformer, according to the company. Initialll 
U. S. Sonics is building two types of the new filter. One: 
for transistor circuits; the other is designed for use wv 
vacuum tubes. 


A thermoelectric generator, developed by Westinghou 
Electric Corporation, has been put into service to prote 
a mile-deep gas well of El Paso Natural Gas Compar: 
El] Paso, Tex. The generator, installed in a remote regi: 
of the San Juan Basin, northeast of Farmington, N. Me: 
supplies the electric power needed to prevent self-corr: 
sion of the well’s steel casing. The technique, known 
cathodic protection, keeps the casing from being eat 
away through an electrochemical reaction that occu 
spontaneously in metal objects buried in the ground. T° 
thermoelectric generator taps a small amount of the = 
coming from the well, burns it, and converts the he 
directly into the electricity that safeguards the well. 

The thermoelectric generator is connected between t] 


5000-foot gas well casing and a ground bed consisting 
silicon cast iron anodes packed vertically in a hole 2! 
feet deep. It reverses the normal flow of current set 7 
by the casing as it chemically reacts with the soil. Thi 
the easily replaceable ground bed is slowly eaten aws 
instead of the casing itself. 

Protection of the well casing is accomplished with abos 
six amperes of current at eight volts d-c. This power ° 
generated at a temperature of 800° F on the hot side 
the generator. The cool side of the unit operates at 200° 
higher than the boiling point of water at the 6100 fo: 
elevation at which the generator operates. 

4 


A Trion Instruments, Inc., laser, operated by four Um 
versity of Michigan physicists, has produced a cohere: 
beam in the blue region for the first time. By focusing tl 
laser’s output beam (6943 Angstroms) into a quartz cry} 
tal, the second harmonic (3471.5 Angstroms) was detecte 
The second harmonic was produced by the high intensi 
of the laser beam at the focus, utilizing the non-line: 
optical properties of quartz. Output power of this syste 
is greater than two joules per pulse. “We are emphasizis 
the development of electronic components in the optic 
region,” Douglas L. Linn, company president said, “bt 
cause we feel that these devices will find many applici 
tions similar to those for which devices in the microwa‘ 
and radio-frequency region are now used.” 
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FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


An affiliate of 

Berar Tube Co. JOHNSON &€ HOFFMAN 
MEAcNe UF Acca UsRair NGG CGC OvRLP OO; ReAnnInOm™ 
31East 2nd Street + Mineola, New Yorks Pioneer 22-3333 
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WORKING ON 
NEW DEVICES? 


Our materials scientists and metallurgists 
know what you’re up against. There’s no 
new device without an improvement of 
material performance. That’s our business. 
We specialize in the development and pro- 
duction of super-pure materials. 

In the past year, we’ve developed some 
exciting new electronic materials—electron- 
beam refined nickel, tungsten, tantalum, 
niobium and molybdenum with interstitial 
impurity levels of less than 25 ppm. 

Now we’re working on techniques for 
alloying and fabricating unique, super-pure 
preform materials. Homogeneous alloys of 
aluminum-3% boron, indium-3% aluminum, 
and many of the gold alloy eutectic composi- 
tion have been produced to date. 

Perhaps we can help you. Our materials 
are available in foil, wire, strips, discs, but- 
tons, special castings and spheres, in experi- 
mental or production quantities. But more 
important, we can offer our extensive ma- 
terials designing experience and research 
know-how for the solution of your problems. 


ADVANCED MATERIALS DIVISION 
MATERIALS RESEARCH CORPORATION 
47 Buena Vista Avenue, Yonkers, N.Y. 
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DESPATCH fue FURNACE 


WITH NEW 
THERMIONIK 
POWER 
SYSTEM 


This versatile new tube furnace 
offers two outstanding advan- 
tages—the Thermionik power 
system, and a greatly reduced 
heat dissipation. 

The Thermionik power sys- 
tem is the first and only to use 
thyratrons to pulse power to 
heaters. It allows great savings 
in cost, space and weight, and 
temperature control accuracy 
is limited only by the accuracy 
of the sensing control system 


selected. 
Heat dissipation is kept to 
Model SC-32 a minimum because body is 
° made of castable refractory 
Temperatures to 2600 F, with highest insulating qualities. 
7 KW,120/1/60 VAC Automatic or manual con- 


‘ trol. Muffle type and special 
Ceramic Tube 22” O.D.x36” models available. 5 


For additional information, write today for free bulletin 206-514. DESPATCH 


oe oe By e/ 


Laboratory ovens Burn-off Sterilizers Drawer 


ovens ovens ©1960 
Pot-type $i] 
furnaces 


DESPATCH OVEN CO. 619 S.E. 8th St., Minneapolis 14, Minn. 


Box 
furnaces 
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Bar Solder 


A new bar solder that has been effec- 
tive in cutting printed circuit joint re- 
jects from 8 in 400 to 1 in 5,000 is availa- 
ble from Alpha Metals, Inc. called “Alpha 
Vaculoy (R) Bar Solder,’ photomicro- 
graphs indicate that it is significantly 
freer from oxide-forming elements and as 
a result, cuts dross, increases bath life, 
reduces inherent inclusions, improves 
wetting and produces brighter joints. It 
is said to provide more finished units per 
pound, and is available from stock in 
most of the common tin-lead alloys; it 
comes in standard 1 lb. bars, or 9 lb. in- 
gots for automatic soldering machines. 


Left, standard soider. Right, bright, clean 
oxide-free Vaculoy (R) Bar Solder. 
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Environmentalized Oscilloscope 


A new environmentalized oscilloscope 
with sweep-delay feature, Tektronix Type 
945, with Type MC Dual-Trace Preampli- 
fier plugged into the vertical channel 
permits highly precise measurements un- 
der severe environmental conditions in 


the dce-to-24 me region. Temperature: 
—40°C to 55°C/71°C (operating), —65°C to 
+85° C (storage). Humidity: 10 days, 95% 
RH 18°C to 65°C (storage). Fungus: 28 
days (storage). Vibration: 5 G’s, 55 eps, 
0.030” pk-pk. (operating). Shock: 400 Ib. 
hammer drop (operating). Altitude: 20,- 
000 ft. (operating), 50,000 ft. (storage). 
Radio Interference: 15 ke to 400 me (oper- 
ating). Salt Atmosphere: 100 hrs (finishes). 
Rain: 5 min. drip test (storage). 
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Tantalum Capacitors 


A new series of improved 125° C ‘cup 
style’ sintered-anode tantalum capacitors 
is available from the Sprague Electric 
Company. The new units supplement the 
85°C ratings previously available from 
Sprague. Three case sizes are furnished. 
In the smallest case size, ratings range 
from 30“F at 4 volts to 1.74F at 85 volts; 
in the middle case size, capacitances 
range from 140uF at 4 volts to 94F at 85 
volts; and the largest case size capaci- 
tances range from 320“F at 4 volts to 254F 
at 85 volts. All units are available in 
both +10% and —15+420% tolerances. 

Circle 112 on Reader Service Card 


Photoconductors 


A new line of photoconductor devices 
was introduced by Sylvania Electric Pro- 
ducts Inc. The new units consist of a 
cadmium sulfide cell (below left) on 
which ‘“comb-shaped” electrodes have 
been deposited. The spectral response 
of cadmium sulfide closely approximates 
that of the human eye. Such response is 
preferred in most photoconductor appli- 
cations. The comb-shaped design maxi- 
mizes the area of sensitive material while 
maintaining close electrode spacing. The 
devices are hydrogen-filled, assuring uni- 
formity and stability of characteristics. 
Use of a hermetic glass seal increases 
cell life by keeping out moisture and 
other foreign matter which might destroy 
photoconductor properties. 

Circle 111 on Reader Service Card 


Limit Switch 


A new limit switch featuring solid state 
electronics and high reliability has been 
introduced by the Apparatus Division of 
Texas Instruments Incorporated. A life 
test that commenced several months ago 
is continuing with the switch nearing 40,- 
000,000 trouble-free cycles. The new unit 
called the Statronic Limit Switch, re- 
quires Standard 115 V a-c input power 
and has an operating temperature range 
from 0° to 200° F. It is impervious to 
moisture and corrosive atmospheres, 
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Epitaxial Mesa Transistors 


The Lansdale Division of Philco Cor- | 
poration has introduced silicon diffused 
n-p-n epitaxial Mesa transistors that | 
combine high voltage and high power 
ratings with low storage time and low 
saturation voltage. Featuring very high 
gain bandwidth product (fp), 2N2086 and 
2N2087 permit design of circuits with 
switching rates greater than 15 mc at 
currents as high as 300 ma. Specifications 
of the 2N2087 are: BVopgo0-120 v. min; 
hypp-40, min; Voy (sat)-0.5 v, max; maxi- 
mum rise, storage and fall time (circuit 
gain of 10) of 85, 100 and 55 nsec. max; 
and gain bandwidth product (fy) of 150 
mec, min. 
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Germanium Transistors 


Three new germanium transistors in- 
troduced by General Electric are ex- 
pected to be a boon for protection in 
existing marginal high-voltage circuit de- 
signs. 2N1924, 2N1925 and 2N1926, in ad- 
dition to voltage ratings up to 60-volts, 
have a high gain characteristic. Thus, they 
may be used in audio frequency switch- 
ing circuits as well as high voltage am- 
plifier circuits. 
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Thermocouple Assembly 


An all stainless steel thermocouple as- 
sembly with a small pad welded at the 
hot junction has been developed by Trin- 


ity Equipment Corp., for skin temperature 
sensing. In use, the pad and sheath will 
be welded to large diameter heater tubes 
and accurately transmit temperature 
measurements. The assembly has been 
designed coiled to allow for expansion 
and contraction of the heater tubes. The 
flexible metal-sheathed thermocouple ele- 
ment, called ‘“Trinox”, consists of a 
swaged sheath containing thermocouple 
wire and magnesium oxide insulation. 
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Automatic Zone Refiner 


A big step toward automating the pro- 
duction of semiconductors is announced 
by Lindberg Engineering Company in its 
new fixture for the continuous zone re- 


fining of germanium. The unit consists 
of an atmosphere charging chamber 
where a number of germanium-filled 
boats are placed on an indexing conveyor. 
The boats then are automatically charged 
into a quartz tube where multiple zones 
can be melted either by induction or re- 
sistance heating elements. 
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Transistor Test Set 


A new transistor test set designed to 
test extremely low leakage currents has 
been developed by Fairchild Semiconduc- 
tor. Essentially a go/no go tester, but 
with absolute readout capability, the 1193 
will test leakage currents from 1 picoamp 
(1 micromicroamp) to 1 microamp for 
both n-p-n and p-n-p transistors. It 
has an accuracy better than plus or mi- 
nus 1% above 10 picoamps and plus or 
minus 5% below 10 picoamps. The unit 
can be programmed for collector-to-base 
and emitter-to-base voltages from 0-100 
volts in 1 volt steps. 
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Temperature Chamber 


Delta Design, Inc. has announced the 
addition of a large volume-low gradient 
model to their line of quality tempera- 
ture chambers. Model 1060B chamber has 
temperature profile characteristics suita- 
ble for Mil. Spec. testing of large assem- 
blies where temperature’ variation 
throughout the specimen, including gra- 
dient, control variations, and drift is not 
to exceed +1°C. The unit operates in the 
temperature range of —100°F to +500°F. 
Fast cool down time is achieved through 


use of convenient bottle CO, and the unit | 


may be automatically cycled between 


two temperatures with the MR-1 Auto- | 


Matic Time Sequencer. 
Circle 116 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e OCTOBER 


“TRIANGLE RR’ 


99.7% PURE IMPERVIOUS 
RECRYSTALLIZED 


ALUMINA 


S! For temperatures to 1950°C 
PURITY PLU (3542°F). Super refractories for 
the ever increasing high operating tempera- 
tures encountered in industry. High purity, 
and an impervious structure of interlock- 
ing corundum crystals, combine to resist 
chemical attack. Available in thin-walled 
crucibles and other laboratory ware, noble 
metal thermocouple insulators, pyrometer 
protection tubes for severe conditions and 
high temperature furnace tubes. Other 
Morganite Refractory products include “Tri- 
angle R” Porous Pure Alumina, “Triangle 
Z” Pure Zirconia and “Triangle H-5” Im- 
pervious High Temperature Mullite. Call or 
write for new catalog. 


“CRU SILITE"” siILicon CARBIDE 
HEATING ELEMENTS 


ITY PLUS! Because Crusilite elements age 
jFORM at a uniform rate, furnace tem - 
: pera 
ture profile remains uniform throughout the 
entire life of the elements. Ideal where night, 
weekend, end-of-run shut-downs or varia- 
tions in furnace temperatures are desirable 
because cycling does not shorten the life of 
Crusilite. Available in standard, capped, 
hollow and single-end connection types. Some 
sizes available in closely matched sets. Re- 
quest new Crusilite catalog. 


FOR OVER HALF A CENTURY... 


organue. 


INCORPORATED 


COVERS, DISCS, PLATES 


FURNACE TUBES 


UN 


TYPE “DM” 
CRUCIBLE FURNACE 


3304 48th Ave. 


Long Island City 1, 
New York 


Morganite Canada Ltd., 
49 Mobile Drive 
Toronto 16, Canada 


TRADE 


‘INCLUDING MECHAN 
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automatic 
dice gaging 
and sorting 


TK-500 
AUTO-SORTER 


You can eliminate completely up to 
4 out of 5 of your dice/wafer inspec- 
tion and sorting personnel with the 
Auto-Sorter! This precision, high 
Speed production unit automatically 
gages and sorts germanium or sili- 
con dice into various categories . . . 
faster and far more accurately than 
human hands. 


Over 200 TK-500 Auto-Sorters are 
now in constant service. Let a 
Techni-Rite sales engineer show 
you how this experience can cut 
your dice sorting costs, too. 


Phone, Wire or Write 
for Illustrated Folder 


QB 
TeCehazi- 
F 
rile 
ELECTRONICS, INC. 


67 Centerville Road * Warwick, Rhode Island 
REgent 7-2000 TWX WRWK 
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Microminiature Flip-Flop 


General Instrument Semiconductor Di- 
vision announces development of a micro- 
miniature flip-flop, consisting of 12 pre- 


components, 
each passivated by a silicon oxide film 


selected, unencapsulated 
and mounted on a ceramic substrate 
measuring only 0.310 x 0.310 inches. Ex- 
pected to be used initially in computer 
circuits for satellite and missile appli- 
cations, the device operates at speeds in 
the nanosecond range. The flip-flop con- 
tains the following microminiature com- 
ponents: six semiconductor resistors, two 
silicon dioxide capacitors, two epitaxial 
planar transistors and two fast-switching 
planar micro-diodes. 
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Fast-Switching Silicon Diode 


A new kind of silicon diode, the RD750, 
was introduced by Rheem Semiconductor 
Corporation. With a 5-to-1 improvement 
in conductance and a 2-to-1 improvement 
in recovery time, the new product is said 
to make possible significant design im- 
provements in computers and other elec- 
tronic systems. Conductance is typically 
1,000 ma at one volt, permitting new lev- 
els of high-current switching for applica- 
tions such as thin-film computer mem- 
ories. At low current levels the voltage 
drop is very low, being only 0.65 volt at 
10 ma. Power dissipation is 750 mw. Re- 
verse time is typically as little as 10 
nanoseconds. 
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Horizontal Zone Refining Attachment 


Lepel High Frequency Laboratories, 
Inc. has added a new Horizontal Zone 
Refining attachment to their Floating 
Zone and Crystal Pulling fixture. This 
versatile 3 in 1 unit is particularly help- 


ful in research and development labora- 
tories conducting experimental work re- 
jated to materials science. This attach- 
ment is easily mounted on the original 
basic unit containing the traverse and 
programming mechanism. The control 
panel on the basic unit also operates the 


induction generator. The change from 
floating zone operation to horizontal 
zone refining to crystal growing opera- 
tions requires less than a half hour. 
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PLENUM PRESS 


FLUID AND SOLID MECHANICS, Volume 1 


Proceedings of the Seventh Midwestern Conte 
ence on Fluid Mechanics and the Fifth Midwes 
ern Conference on Solid Mechanics, held 

Michigan State University, September 6-8, 196) 


Edited by J. E. Lay, Professor of Mi: 
chanical Engineering, Michigan State Uri 
versity, and L. E. Malvern, Professor + 
Applied Mechanics, Michigan State Ur 
versity. 

In preparation 


é 
DEVELOPMENTS IN APPLIED SPECTROSCOP* 
Volume 1 
Proceedings of the 12th Annual Symp« 
sium on Spectroscopy, sponsored by tH 
Society for Applied Spectroscopy, he's 
May 15-18, 1961, Chicago, Tilinois. | 
Edited by W. D. Ashby, Continental Cz 
Co., Chicago. 
In preparation 


ADVANCES IN CRYOGENIC ENGINEERING, , 
Volumes 1-6 


Proceedings of the Annual Cryogenic Enginee: 
ing Conferences held 1954-1960 (no meetiri 
was held in 1955). Sponsored by the Universi; 
of Colorado and the National Bureau of Stanr 
ards. j 
Edited by K. D. Timmerhaus, Chemicz 
Engineering Department, University 
Colorado. 

Volumes 1-5, $13.50 per volume 

Volume 6, $15.00 


BORON—SYNTHESIS, STRUCTURE, AND 
PROPERTIES 


Proceedings of the Conference on Boron, spox 
sored by the Institute for Exploratory Researc’ 
U.S. Army Signal Research and Developmet 
Laboratory. 


Edited by J. A. Kohn, W. F. Nye, ani 
G. K. Gaulé, U. S. Army Signal Researe; 
and Development Laboratory, Fort Mor 
mouth, New Jersey. 


$8.50 


VACUUM MICROBALANCE TECHNIQUES, 
Volume 1 


Proceedings of the 1960 Conference sponsore 
by the Institute for Exploratory Research, U.: 
Army Signal Research and Development Labors' 
tory, Fort Monmouth, New Jersey. 


Edited by M. J. Katz, U. S. Army Signe 
Research and Development Laboratory 
Fort Monmouth, New Jersey. 


$6.50 


ADVANCES IN X-RAY ANALYSIS, Volume 
1-4 
Proceedings of the Annual Conferences on Ap 


plications of X-Ray Analysis, held 1957-1960 
Sponsored by the University of Denver. 


Edited by William M. Mueller, Metallurg) 


Division, University of Denver. 
Volumes 1-2 $8.50 per volume 
Volume 3, $12.00 

Volume 4, $15.00 


Complete contents upon request. 


ee PLENUM PRESS 
227 W. 17th St.* New York 11, N. Y. 
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‘High Power” Induction Heater 


Induction Heating Corporation has in- 
troduced its new 450 ke induction heater 
designed for a wide range of jobs in in- 
dustry. Rated for continuous duty at 
156 KW, sufficient reserve power is 
“built-in” to deliver full output at dis- 
tances up to 40 feet from the generator. 
It is an easy-to-use reliable unit, and 
its design features uncomplicated installa- 
tion, ready accessibility for maintenance, 
push-button operation, and an output 
transformer that provides simple work- 
coil matching, depending on the job. 
Thermostatic controls keeps raw water 
consumption at a minimum. 
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Vertical Alloying Furnace 


Research Instrument Co., Inc., vertical 
alloying furnace has very high batch ca- 
pacity. Production rate is comparable 
With that of average type conveyor fur- 
maces used in the semiconductor indus- 
try. Stacking arrangement with properly 
designed jigs can permit as much as 3000 
starts per batch. Vertical stacking zone 
is 2” rd. by 8” high. Temperature range 
to 1000° C. Inconel Muffie and Pedestal. 
Floor area required is approx. 244’ x 214’. 
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High Frequency Sealing Machine 


Kahle Engineering Company  an- 
nounces production of a new 2-position 
high frequency sealing machine, No. 1243. 
In this case the parts to be sealed to- 
gether are three metal pieces with two 
glass pieces between. All of these seals 
are made simultaneously in one operation. 
The sealing operation itself takes about 8 
seconds and is regulated by a precision 
timer control unit. The two positions 
may be used alternately and may be for 
different assemblies. Spacing of all parts 
is precise within a few thousandths of :n 
inch. 
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Heat Sink Kit 


A Heat Sink Kit (Astrokit Series A) 
containing seventeen natural convection, 
conduction, and forced convection (in- 
cluding fan) units together with three 
sets of mounting kits and a supply of 
interface grease is now available to engi- 
neers from Astro Dynamics. The heat 
sinks furnished provide a range of ther- 
mal resistance to cover all possible tran- 
sistor applications. 
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MANN SERVICES /EQUIPMENT 


OFFER ULTRA PRECISION FOR 
TRANSISTOR/MICROCIRCUITRY 
PRODUCTION 


@ 
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The David W. Mann Company is your reliable source for the precision 
instrumentation and services you require in meeting today’s increasingly 
rigid tolerances in semiconductor manufacture. Consider, for example, 
the following: 

PLANAR TRANSISTOR PHOTOMASKS. Working from art work at an en- 
largement of several hundred to one, the Mann Laboratory can produce 
a series of photomasks that will register to 40 millionths of an inch... 
a tolerance much tighter than required in production of high frequency 
planar transistors. A step-and-repeat process is used, utilizing the 
Mann Photorepeater. 

MICRO RESISTANCE BARS. Mann achieves extremely close width toler- 
ances. Example: a 6 mil bar produced to a tolerance of +£0.05 mils. 
TWO-COORDINATE COMPARATORS, Quality control of transistor photo- 
masks is easier, more accurate with the Mann Comparator. Reads directly 
to 1 micron in two coordinates ; can be used with a projection unit instead 
of a microscope. 

SCALES. Linear scales are produced to an accuracy of +.75 microns. 
Circles are divided to an accuracy of one second of are. 

EQUIPMENT PURCHASE OR RENTAL, For economy, convenience or pro- 
prietary security, you may prefer to have your own in-house facilities 
for producing photomasks and microcircuitry. The same Photorepeater 
and Reduction Camera Mann uses are available on either a purchase or 
lease basis. Write or phone for complete details. 


DAVID W. MANN & COMPANY 


A DIVISION OF GEOPHYSICS CORPORATION OF AMERICA 
LINCOLN, MASSACHUSETTS—CLEARWATER 9-8015 
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of 
YOUR SEMICONDUCTORS 


loped gold wire 


HIGHLY ENGINEERED 
FOR THE 


semiconductor 
industry. .. 


BORON e GALLIUM 
INDIUM e ARSENIC 
e ANTIMONY 


e Tin and Indium 
coated wire 


e Pure Gold wire 


e Pure and doped 
aluminum wire 


e Electroplated 
wire and ribbon 


Write for data on your 
specific needs. 


_(@ 
METALS 


CORPORATION 


7 INTERVALE STREET, WHITE PLAINS, N. Y. 
Telephone: WHite Plains 9-4757 
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SECON 


Coating Machine 


High production application of plastic 
powders to axial lead components can be 
accomplished by Conforming Matrix Cor- 
poration’s Model PR-1 Powdered Resin 


Coating Machine. Used in conjunction 
with the CM Model TL-1 Tray Loader 
and CM Magazine Loader, components 
are placed in trays, suitable to the range 
of sizes being run, which are loaded in 
magazines and automatically fed through 
a radiant heat oven. The components are 
brought to any desired heat up to 600° F, 
and passed through a controlled stream of 
finely ground plastic powder. The heat 
of the components melts the powder, 
forming a coating. 
Circle 105 on Reader Service Card 


Precision Ground Laboratory Furnaces 


L. J. Products, announces their new 
improved Precision General Laboratory 
Furnace. These precision temperature 
controlled general laboratory and heat 
treating furnaces feature the accurate 
meter-relay type temperature control, 
virtually eliminate electrical switching 
noise generation by the use of solid state 
switches to control the heater load and 
can be used where noise must be kept to 
a minimum. Available in sizes with work- 
ing volumes of 444” x 414” x 414” to 8%4” 
x 844” x 84%4” and with temperature range 
from 250° F to 2200° F. All models oper- 
ate on 115 V a-c, 50-60 cps power. Models 
for 230 volt operation are available on re- 
quest. 
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Thermoelectric Cooling/Heating Modules 


A new line of thermoelectric modules 
which uses 1/10 the amount of current 
normally required to do an equivalent 
job of cooling or heating has been engi- 
neered by Jepson Thermoelectrics, Inc. 


Operating Current (d-c): Model 615, 0-3.5 
amps; Model 629, 0-3.5 amps. Operating 
Voltage: Model 615, 0-2 VDC; Model 629, 
0-4 VDC. Max. Heat Pumping Capacity: 
Model 615, 4.25 watts; Model 629, 8.6 watts. 
Max Delta T (module mounted on +20°C 
Tee open air: 60°C, in vacuum: 74°C 
ax. Operating Temperat B= ilsii)? 
dere g p ures: —130°C to 
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N 
NY 
‘S 
ANS 
ANS 
NY 


Model CS-140 


GYRO TORQUER SUPPLY’ 


e Precision Current Source 
e DC and/or AC 
@ Pulse Output Possible 


For testing and measurement of 
gyro torquers, zener, reference 
diodes, magnetic components, other 
current sensitive devices. 


e Current Range is 0.1 ua to 150 ma 
e Regulation 0.002% 
e Resolution 1 part per million 


In use by leading companies for 
gyro torquer supply, component re- 
liability testing, calibration, ref- 
erence zener testing. 


Literature describing this and other 
constant current sources from 0.1pa to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRONICS, INCORPORATED 
GLEN COVE, L.I., N. Y.|ORiole 1-S700 


Circle 35 on Reader Service Card 
Super-Sub-Miniature 
ransiormers 


For transistor circuitry 


in servo-mechanisms, hearing 
aids, radios, telephon 


®& High reliability guaranteed. 


wm Large quantities used, with transistors, 
by leading manufacturers. 


pw Some of the most Important prototypes 
in use today are: 


Type H W D 
NE200' icc ixcrece 237) G40) e200) 
F=2010i0 4 rsa 263 .410 = .325 

AAT-408) cccees 3078) 0/7 6iane S25 
SM=400) =e seciice 400 .563 .485 
NA-2350 eerie .750 1 .750 
GEN-2020 ...... He” 14,” A" 


® Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 


@ Prototypes—Designed or wound and 
enclosed to specifications. . . . Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today... 


Frank 


essler Co., Inc., 41-45 47th St. 
BL.IC. 4, N.Y. © Tel. STillwell 4-0263 
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Tape Pen 


A new drafting instrument, for fast, 
accurate application of self-sticking tapes 
to charts, printed circuit masters and 
other graphic illustrations is announced 
by W. H. Brady Co. With the Brady 
Quik Line Tape Pen you can apply 
straight, curved or irregular lines from 
1/32” to 2/16” wide. You can draw with 
tape on any surface on which you can 
draw with ink, and on most surfaces that 
can’t be inked. Lines are uniform in width 
and density. They are accurate for place- 
ment to 0.010 of an inch. 
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Proportional Power Magnetic Amplifier 


Hevi-Duty Electric Company, has de- 
veloped a proportional power magnetic 
amplifier for precise electrical control 
applications. Coupled with a standard 
saturable core reactor, the new amplifier 
is the electrical equivalent of an equal 
percentage valve, in that a linear change 
in the system input will produce a per- 
centage change in process power. This 
system can control the temperature of an 
electric furnace with a high degree of 
accuracy. Type 300 SRMA D 73312 oper- 
ates from a 110-volt, single-phase, 60-cycle 
line with an 0-5 ma input, from any au- 
tomatic controller installation. The out- 
put from the magnetic amplifier is nor- 
mally 0 to 85 volts d-c. 
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Transistor Radiator/Retainers 


Double-ended combination radiators 
and retainers for mounting TO-5, -8, -9, 
-ll, -12, -29, -33, -37, -38, -39, -42, -43 and 
other transistors are available from The 
Birtcher Corporation/Industrial Division. 
In addition to conventional mounting re- 
quirements, the devices have a tapped 
base for quick mounting in a flip-flop or 
push-pull circuit. Sides of mounting holes 
are slotted to accept transistor case diam- 
eters from 0.310-0.325” and 0.475-0.490". 
Slotting also allows for tolerance varia- 
tions of case diameters. 
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Electronic-grade 


chemicals & solvents, 


low in metals, 


with individual 
lot analyses, 


handy packaging, 
direct from stock 


x © 
ee . 
<a * ] me 
oul 


For use where unwanted metal atoms can upset electronic be- 
havior of products, Fisher has developed 70 ultra-high purity 
chemicals and solvents, each bearing an individual lot analysis 
attesting to rigidly controlled purity. Attractively priced, conven- 
iently packaged to your requirements in any quantities you specify. 
For data on your needs, write to the ‘‘Electronic Chemicals Dept., 
146. Fisher Scientific Co., 1 Reagent Lane, FairLawn, N.J.” 


Acid etches 

Acetic acid, glacial 
Acetone 

Aluminum nitrate 
Aluminum sulfate 
Ammonium carbonate 
Ammonium chloride 
Ammonium hydroxide 
Ammonium phosphate 
Antimony trioxide 
Barium acetate 
Barium carbonate 
Barium fluoride 
Barium nitrate 
Benzene 

Boric acid 

Cadmium chloride 
Cadmium fluoborate 50% 
Cadmium nitrate 
Cadmium sulfate 
Calcium carbonate 
Calcium chloride 
Calcium fluoride 
Calcium nitrate 
Calcium phosphate 
Carbon tetrachloride 
Cobalt carbonate 
Cobalt oxide 


Cobalt nitrate 

Ether, anhydrous 
Hydrochloric acid 
Hydrofluorie acid 


Hydrogen peroxide 3%, 30% 


Lithium carbonate 
Lithium chloride 
Lithium nitrate 
Lithium sulfate 
Magnesium carbonate 
Magnesium chloride 
Magnesium oxide 
Manganese dioxide 
Manganese nitrate 50% 
Manganous carbonate 
Methanol 

Nickel carbonate 
Nickel oxide, black 
Nickel oxide, green 
Nickelous chloride 
Nickelous nitrate 
Nickelous sulfate 
Nitric acid 

Petroleum ether 
Potassium dichromate 
Potassium hydroxide 
iso-Propyl alcohol 
Silicie acid 


Sodium carbonate 
Sodium chloride 
Sodium hydroxide 
Sodium phosphate, dibasic 
Strontium carbonate 
Strontium nitrate 
Sulfuric acid 
Toluene 
Trichloroethylene 
Xylene 

Zine chloride 

Zinc nitrate 

Zine oxide 


Fisher solvents are safety-packed in 
shockproof-cartons, 4 gallons to a case, 
; ’ 


are FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


Boston «¢ Chicago 


Philadelphia « Pittsburgh 
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Fort Worth « Houston 


New York «* Odessa, Texas 


e St. Louis « Washington * Montreal « Toronto 
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FREE - 1962 
NEWARK CATALOG No. 72 7 


INDUSTRIAL ELECTRONICS 


FOR INDUSTRY, DEFENSE, 
BROADCAST 


e In stock .. . ready to go... over 70,000 items from 
more than 500 manufacturers. 

@ Semiconductor Headquarters for Industry at Quantity 
Prices Competitive with Manufacturers. 


* COMPETITIVE FACTORY PRICES 
* COMPLETE ON-HAND STOCK 
* IMMEDIATE DELIVERY 


ELECTRONICS CORPORATION 


Write Dept. SC-10 


Mail Order Division, Main Office and Warehouse 
223 West Madison Street e Chicago 6, Illinois 


INGLEWOOD, CALIF. e DETROIT, MICH. e GRAND RAPIDS, MICH. 
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BRANCH WAREHOUSES 
AND SALES 


FREE 
TECHNICAL 
DATA 


Precious Metal Plating 
of Electronic Components 


A pictorial tour through the country’s largest facility. Details 
electrochemical and mechanical procedures — from pilot plant 
“trial” runs to modern production techniques and quality control. 
Laboratory tests to meet tough military and commercial specifi- 
cations. Also describes free prototype and sample plating service. 
Send for your free copy today. 


representatives coast to coast 


500 Commerce Road, Linden, New Jersey 
THE COUNTRY’S LARGEST PLATING FACILITY DESIGNED FOR ELECTRONICS 
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Cryogenic Sensors 


Two cryogenic sensors, each about the 
size of a five-cent piece, have been in- 
troduced by Minneapolis-Honeywell Reg- 
ulator Company. The firm said the tiny 
sensors are germanium semiconductors 
designed for application in test and op- 


erational phases of space vehicles using ' 


liquid helium and nitrogen and for use in 
calibration and standards laboratories. 
Their temperature range is 4° to 40° Kel- 
vin (—269°C to —233°C.) One type of sen- 
sor measures surface temperatures; the 
other is a probe-type unit for internal 
applications. Both are encapsulated and 
hermetically sealed. 
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Automatic Measuring System 


A new system which digitally measures 
the elapsed time between any two points 
on a high-speed waveform is available 
from Dymec, a Division of Hewlett- 
Packard Co. DY-5844 Automatic Wave- 
form Measuring System will measure 
time intervals between any two points 
chosen from the 0-100% level of either 
stimulus or response pulse. Accuracy is 
better than + 4% of full scale, + 04 
nanoseconds. In addition to measuring 
transistor delay, rise, sterage, and fall 
time, it will make similar measurements 
on diodes, magnetic cores, and high speed 
components and circuits. 
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Epoxy Case Shells 


Cycle Products is manufacturing non- 
burn epoxy shells for the electronic com- 
ponent industry. These cases will find 
uses in diodes, resistors, delay lines, ca- 
pacitors, transformers, coils and module 
packaging. All sizes are available in 
quantity for immediate delivery. Sizes 
other than standard and materials other 
than non-burn epoxy may be had on spe- 
cial order. Moulding to sections as fine as 
.010 can be done. 
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Vinyl Industrial Glove 


A new disposable industrial glove has 
been introduced by the Wilson Rubber 
Co. It is designed for inspection work, 
small parts handling, and any industrial 
operation where touch sensitivity is im- 
portant and either product or hand must 
be protected. While the new “Tru- 
Touch” glove is only .006 of an inch 
thick, it is exceptionally tough, with a 
tensile strength of 1000 to 1200 psi. 
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Diffusion Tube Furnace 


A new three-zone diffusion tube fur- 
nace for tube temperatures up to 2300° F 
(1260°C.) has been developed by K. H. 
Huppert Co. As a space-saving feature, 
the furnaces can be arranged in groups 
of six on one common base. Each furnace 
has independent electricals and controls, 
all located in the base. Down time for 
maintenance can be held to 15 minutes 
or less, since each furnace unit is indi- 
vidually replaceable. It is only necessary 
to disconnect the power leads, slide the 
“down” unit from the support rack, slide 
in the replacement unit and reconnect 
leads. 
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Power Converters 


The Hoover Company, Electronics Divi- 
sion has recently announced a new line 
of power converters featuring a signifi- 


cant improvement in conversion effi- 
ciency and claimed to be ideally suited 
for applications where the power source 
is a thermoelectric generator, fuel cell, 
or low voltage battery. The efficiency of 
the new unit is greater than 75%. A wide 
range of input and output parameters is 
available. Complete solid state construc- 
tion eliminates maintenance considera- 
tions. Converters with an input as low as 
0.1 volt are practical. Virtually any out- 
put, either a-c or d-c, can be supplied. 
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Mesa Diode Dice 


MicroSemiconductor Corporation has 
announced availability of two standard 
types of silicon mesa diode dice. MSC-1 
(ultra-fast computer diode) has electrical 
properties of <— 2 nanosecond recovery, 
< 2upf capacitance, > 75 volts PIV. The 
MSC-2 (general purpose diode) has 
PIV> 300 volts, — 10myamp leakage. The 
dice are surface passivated and can meet 
or exceed MIL-S-19500B specification 
without any additional sealing. The an- 
odes and cathodes are gold-plated for 
ease of termination. Approximate size is 
020” x .020” x .007” thick. 


Circle 134 on Reader Service Card 


Beryllium Oxide 


Brush Beryllium Company offers 
beryllium oxide (beryllia) a ceramic ma- 
terial with superior thermal conductivity. 
It is also chemically inert, extremely re- 
fractory, and the best high-temperature 
reflector and moderator of neutrons. Be- 
cause of this combination of properties, 
beryllium oxide opens new avenues to 
the solution of design problems and for 
improvement in product performance. 
Readily metallized and producible in 
pressed parts such as discs, blocks and 
plates, B-6 Bodies provide sound high 
density shapes ideally suited for heat sink 
applications. 
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Got a glass problem? 


T.H. GARNER COMPANY 
IS DIFFERENT 


We machine-draw tubing 
to your new dimensions and 
ship in a matter of hours. 


If your problern can be resolved by new dimen- 
sions (0.D., |.D., length) or tolerances, call us 
today for service. 

Our own glass tube drawing facilities running 
24 hours a day give us the flexibility to handle 
a variety of changes quickly. 

Your job is immediately assigned to one of 
several drawing and cutting systems guaranteed 
to produce the best quality and yields. 


Garner capacity for millions of parts weekly is 
built on routine manufacturing to many dimen- 
sions in many glass types. Our quality is based on 
in-plant designed equipment. We can give you 
tolerance control 366 days a year. 


Reliability? Our rejection rate on over a billion 
parts shipped is less than % of 1% by actual 
count. 

Send for Complete Data. 


T.H. GARNER COMPANY 


177 S. Indian Hill Blvd., Claremont, Calif. 
NAtional 6-3526 


Serving the electronic and instrumentation 
fields since 1953 
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DESIGNING HIGH-CURRENT HIGH-POWER 
SEMICONDUCTOR RECTIFIERS? 


USE ADVAC SUPER-RUGGEDIZED 
CERAMIC-TO-METAL HOUSINGS 


CHECK THESE ADVANTAGES USING ADVAC RECTIFIER HOUSINGS: 


@ High Mechanical Strength, with shear strength at the @ High dielectric combined with excellent thermal con- 
metalized seal in the order of 15,000 psi ductivity properties. 

© Superior thermal shock peers a eee Paes A @ Inorganic ceramic will not contaminate the semicon- 
1000 deg. compared to glass-to-metal seals ductor junction, The alumina ceramic does not decom- 

@ High vacuum seal, capable of withstanding subsequent pose nor are volatiles discharged at high temperatures. 
processing at temperatures as high as 1700 deg. F : : 
.. . & truly hermetic seal compared to glass or epoxy @ Temperature resistance of the ceramic to-metal con- 
encapsulations capable of withstanding leak tests to struction permits continuous operation at temperatures 
1 x 10-® cubie em. /sec. to 1700 deg. F. 


Send prints for quotation or ask for Bulletin A-100. 


YN ADVANCED VACUUM PRODUCTS, INC. 


HIGH TEMPERATURE CERAMIC-TO-METAL HERMETIC SEALS 


WV 430 FAIRFIELD AVENUE + STAMFORD, CONN. + DAvis 5-3881 


SUBSIDIARY OF GLASS-TITE INDUSTRIES, INC 
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Cooler Kit 


A designers’ kit containing representa- | 


° “ etal i= - tive types of Semiconductor Coolers in- | 
Problem: On eree yield oneca EOnOn ees erie Matiee natural convection units and _ 
nents drop as much as 40°/o within 50 cycles forced convection modular package is | 

h . hite ji now available from Wakefield Engineer- | 

when using grapiite j1gs ing. The Cooler Kit contains both com- | 


plete units and modular components, | 
enabling a designer to conduct tests using 
his own circuitry within ae payee lay- | 
: out and environment of his choosing. . 
Solution: B ORON NITRIDE Complete technical data is supplied and 
a “Handbook” is included which outlines | 
the theory, as well as practical tech- 


for S em I a Gg on d Uu ctor jigs ie ee eae power, and air : 
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Vibrating Feeder 


Boron nitride machines easily ue < ga Minimus Co., offers their Vibrating 
close tolerances, resists chipping - oS a Feeder for all small parts from fine pow- 
and retains internal jig details. ders up to 3/32”. The outstanding feature 
It holds dimensions, has excel- |. ‘ of the fondest Be the: Hexibltysrags pos- 
ae sible by the bowl design. Motor is sim- 
lent release characteristics and le; compact add Yueged. Onleneeaene 
eee ; aye a : trols required, a switch and a rheostat. 
Contact with silicon, germa- Ne : Ww Feeds one part or a million; low power- 
nium, indium, antimony, lead ys ey errs ee magne 
: shielded. Hi emperature models are 
eee ae wee ee pneu — available. Only 3” dia. x 2-%” high, 
up to In Ox1d1zZ1ng or Fe : : : ; Weight 1 if. 


reducing atmospheres. For more Circle 128 on Reader Service Card 
information on greater yields with boron nitride, write Latrobe Plant, 


Refractories Div., Carborundum Co., Latrobe, Pa. 


Flash Generator 


® Epic, Inc., Flash Generator SC 2 is a 
RBORU NID UMMA I outsrtiste coors init siving a fash 
sequence which may be adjusted from 
1 to 10 per second. Flash duration is 0.1 © 
microseconds. Flashes are uniform as 
they are produced by discharge into a 
tube filled with Krypton and other gases. 
The instrument is intended chiefly for 
testing semiconductors or material for 
semiconductors. No maintenance is re- 
quired and the discharge tube has a life 
time of approximately 100 million flashes. 
Power supply is 110 V 60 cycles and 
power input is max. 35 W. Dimensions: 
14144” x 104%” x 8%”. Weight 28 lbs. 
Circle 125 on Reader Service Card 
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VACUUM OVEN 
PASSES 
“INSIDE 


*The light 
never went out. 


BACK ISSUES 


1.00 Each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


Propinquity does not permit the “inside less steel shelves and ai i 
: roperatedh 
dope”’ to ‘‘throw in the towel,” but his Or sliding doors. é bee 


test proves that KSE vacuum or gas purg- Gas purging bakeout ovens are 1959— 
ing bakeout ovens are “hot stuff.”’ paler ideale eee steel muffle, sili- 1960 rat 
Z : Le ne rubber gaskets and i H— 
Vacuum ovens are equipped with stain- clamps. caevre evalanle aimee: : page ed ede 
ed al muffle Neamt rubber gas- cooled gaskets, sliding stainless steel ug., Sept., Nov. 
S, and are available with sliding stain- shelves. gas diffusion system, etc. 1961—Feb., Mar., April, May, 
June, Aug., Sept. | 
For complete information, KEWAUNEE 
7 as SCIENTIFIC. SEMICONDUCTOR PRODUCTS 
call or write ADRIAN, Back Issue Dept. 


MICHIGAN 300 W. 43 St. New York, N. Y. 


4019 LOGAN STREET 
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Personnel 
Notes 


The appointment of Robert A. Miller as 
sales manager for specialty plastic films 
being introduced by Allied Chemical’s 
General Chemical Division is announced 
by Frank J. Woods, director of sales. 
With the division 15 years, Mr. Miller was 
manager of its New York Metropolitan 
sales office for the past 3 years. 


The appointment of William D. Hogan 
to the newly created position of manager 
of engineering services for the Semicon- 
ductor Division of Sylvania Electric Prod- 
ucts Inc. has been announced by Ernest 
H. Ulm, general marketing manager for 
the division. Mr. Hogan, who has been 
manager of field engineering since June 
1960, will now coordinate all engineering 
activities associated with marketing. He 
joined the company in 1950 as a junior 
engineer at the division’s Engineering 
Test Laboratory in Boston. 


As part of the expanding national dis- 
fributor sales program of the General 
Instrument Semiconductor Division, two 
key divisional appointments have been 
announced by Clayton Kiernan, National 
Distributor Sales Manager. Ronald Fried- 
man has been named Distributor Field 
Sales Manager of the Semiconductor Di- 
vision, a new post. William Carlson has 
been appointed Headquarters Distributor 
Sales Manager of the Division. 


John N. Vogt, a nationally recognized 
authority on the design of equipment for 
the production of semiconductors, has 
joined Temperature Engineering Corpora- 
tion as Vice President in Charge of Man- 
ufacturing. Mr. Vogt, for the past 15 
years, has served with General Electric 
Co., helping to pioneer some of the most 
notable advances in silicon rectifier man- 
ufacturing equipment and tooling, and in 
the establishment of quality control 
standards for the semiconductor industry. 


Francis J. Asip has joined Monsanto 
Chemical Company’s marketing staff as a 
sales representative in the Inorganic 
Chemicals Division’s electronic products 
group, J. E. Crawford Jr., division di- 
rector of marketing, has announced. Mr. 
Asip, whose headquarters will be at St. 
Louis, was previously with Allegheny 
Electronic Chemical Company. 


Cary H. Stevenson, Vice President of 
Lindberg Engineering Company, has an- 
nounced the recent appointment of Elmer 
W. Edstrand as Manager of the Kiln Di- 
vision. Mr. Edstrand’s divisional responsi- 
bilities will include charge of all sales of 
the company’s line of kilns used through- 
out the ceramic, as well as other non- 
metallurgical industries. 


(Continued on page 69) 
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Another “impossible” job 
done by the Airbrasive‘.. 


jones: ( .,,6Utting semiconductors 


abrading + cutting + deburring stripping + drilling + cleaning + scribing 


Hughes cuts fancy figures in silicon, 
Reports “Airbrasive is the only tool 
capable of handling the process!” 


Hughes Aircraft uses the Industrial Airbrasive linked to a pantograph 
to cut intricate patterns and shapes in semiconductor wafers, And 
what’s more they are doing it accurately and with complete safety 
to the fragile part. 

The secret of this unique tool is a superfine jet of abrasive particles 
and dry gas, directed through a carbide nozzle. The resulting cutting 
action in hard brittle materials is cool, rapid, precise, and completely 
shockless. 

The Airbrasive is being used to solve hundreds of seemingly 
impossible jobs... precision deburring ...to remove surface deposits 
...form and adjust microminiaturized circuits...cut glass, germa- 
nium, tungsten, ferrites, and others. 

Low in cost too. For under $1,000.00 you can set up your own 
Airbrasive cutting unit! 


Send us samples of your “impossible” jobs and we will 
test them for you at no cost. 


SEND FOR BULLETIN 6006 ...complete information. 


Klbie 


s. S. White Industrial Division 
Dept. 31A, 10 East 40th Street, New York 16, N.Y. 
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New dual 135 


Model D! @ 


Demineralizing NEWS 
Equipment 
from 


Fully ‘“‘Packaged”’ 
System Supplies 
125-150 GPH of 
18 Megohm Water 


Penfie!d’s new S-150 Demineralizing System in- 
cludes multiple influent filters to remove turbidity, 
master dual-column demineralizer, scavenging car- 
bon filter, polishing mono-column demineralizer, 
sub-micron effluent filter — all completely ‘‘pack- 
aged” on a single skid, ready to deliver an 
effluent of 18 megohms and better upon simple 
connection to service lines. (Other fully ‘‘pack- 
aged”’ Penfield systems available with capacities 
from 60 to 10,000 GPH.) 


Pressure-Type 

Demineralizer 

“Polishes” to 
Ultra-High Purity 
at Point-of-Use 


The Penfield PM-8 Demineralizer supplies up to 50 
GPH of 18-22 megohm water — is ideal for point- 
of-use ‘‘polishing.’’ Permanent cartridge design 
prevents raw water by-pass experienced with 
“canned’”’ resin units. Cartridge unscrews by hand 
to permit easy resin renewal from bulk supplies, 
enabling substantial savings in replacement resin 
costs. Unit also can be charged for use as a 
cation exchanger, anion exchanger, carbon filter, 
oxygen or organic remover, and is adaptable for 
scavenging oil from gases. 


In-Plant 
Regeneration Unit 
Saves 90% of Costs 
of Demineralized 
Water 


A Penfield Regeneration Unit makes the renewal 
of exhausted resins from Point-of-Use Deminer- 
alizers an easy in-plant function. Operator merely 
feeds resin into unit, then turns a single master 
switch to control resin separation, regeneration, 
rinsing and proper re-mixing. Average operating 
cost, including all labor and regenerants, is less 
than 30c per cartridge. 


Fully Integrated 
Weir Washer 
“Polishes,” 

Heats, Monitors, 

Cascading Water 


Integral filters and pressure-type demineralizers 
enable circulation of 18-22 megohm water through 
multiple partitioned tank of a special weir design 
that precludes stagnation. Direct reading conduc- 
tivity meter permits instant monitoring at any of 
three check points. Novel clip bar makes replacing 
heat elements simple. (Penfield also constructs 
weir washer tanks in standard sizes or to cus- 
tomer specifications, using a wide variety of ma- 
terials such as block tin, cast acrylic plastic, etc.) 


15 years of ion exchange pioneering means 
that Penfield has on file field-proved 
answers to most industrial water prob- 
lems — usually can detail the system you 
need by phone, ship your completely ‘‘pack- 
aged’’ units in a matter of days. Try a 
phone call or letter and see for yourself. 


t Pewsfield. | Manufacturing Co., Inc. 
Telephone: BEverly 5-1694 
19C High School Ave., Meriden, Conn. 


Serving the Electronics Industry with lon Exchange 
Systems «© Filters © Weir Washers ¢ Parts Baskets 
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New Literatur 


Trinity Equipment Corp., Unitized Dry 
Air Systems provide a dependable, eco- 
nomical source of super-dry compressed 
air with dewpoints of —100°F or lower. 
They are designed for industrial and 
scientific use in installations with no, or 
inadequate, source of compressed air. 
Technical information, along with de- 
tailed specifications and system selection 
charts for determining required capacity 
at any altitude are contained in com- 
pany’s catalog. 

Circle 170 on Reader Service Card 


A new brochure describing the ana- 
lytical methods and_ processes used for 
control of materials in the Electronics 
Industry and describing their facilities 
and services has been published by Elec- 
tronic Metals and Alloys, Inc. Request 
Brochure #28. 


Circle 171 on Reader Service Card 


A three-color, four-page folder, de- 
signed to aid buyers and engineers in the 
selection of Fairchild Planar Transistors 
and Diodes, is available from Schweber 
Electronics. The folder outlines the ap- 
plications of these transistors and diodes, 
and defines concisely their construction 
and_ specifications in quick-reference, 
tabular form. 

Circle 172 on Reader Service Card 


General Electric Company has pub- 
lished a specification sheet, No. 145.15, on 
the 1N3289-1N3295 high current Silicon 
Rectifier. The eight-page brochure con- 
tains 19 curves including NEMA overload 
ratings. The Rectifier Components De- 
partment has provided detailed recurrent 
overload information keyed to the 
“NEMA Standards for Rectifier Equip- 
ments Below 100 Kilowatts.’” The 19 
curves depict cell specifications, maxi- 
mum circuit ratings for cells mounted on 
5 x 5 x Y%” and 7 x T x %” copper fins 
and recurrent overload ratings for cells 
mounted on 7 x 7 x 4” copper fins. 


Circle 173 on Reader Service Card 


A brochure which describes and illus- 
trates mechanical and air operated clamps 
for holding masks and parts, and stand- 
ard and special fixtures used to speed up 
production in high quality color decora- 
tion of mass produced products is being 
offered by Conforming Matrix Corpora- 
tion. Request Form No. 7624. 


Circle 174 on Reader Service Card 


A new condensed catalog of nanosecond 
instrumentation has been published by 
Lumatron Electronics, Inc. The 6 page 
catalog illustrates and describes a com- 
plete line of production and laboratory 
test equipment designed for use in semi- 
conductor, computer, and high frequency 
applications. It includes specifications on 
sampling oscilloscopes, automatic switch- 
ing time test sets, nanosecond risetime 
pulse generators, semiconductor test sets 
and nanosecond delay lines. 


Circle 175 on Reader Service Card 


i 


John Fluke Mfg. Co., Inc., announces s 
technical data bulletin describing a ney 
power supply. Rated at 0 to 500 volts, o 
put current 0 to 500 ma, the Model 417. 
is designed for critical situations requi! 
ing precise performance with high pow. 
capabilities. 

Circle 176 on Reader Service Card 


Slater Electric, Inc., has published 
data sheet on its new series of miniatu. 
hermetically sealed silicon rectifiers sp« 
cifically developed to replace the large 
top hat types IN536 thru 540, IN1095, an 
IN1096. Bulletin No. ID-101A gives com 
plete application engineering “data c 
Slater type numbers SLA536, SLA5S 
SLA538, SLA539, SLA540, SLA1095, an 
SLA1096. Also included are typical re 
verse characteristic, and typical forwan 
characteristic curves. 


Circle 177 on Reader Service Card 


Networks Electronic Corp. has prepare 
a new brochure on their glass-to-met’ 
seal facilities. The four page booklet d# 
scribes the applications, environment’ 
conditions and specifications for glass-td 
metal seals. Data on standard units is ald 
provided. 


Circle 178 on Reader Service Card 


Varo Inc., is offering a new catalog ¢ 
its microcircuitry devices now availahb: 
as standard circuits. Featured in th 
catalog are descriptive data on digits 
computer, control and audio frequenc. 
circuits. Photographs, complete specifice 
tions, prices and deliveries are also iz 
cluded. 


Circle 179 on Reader Service Card 


The complete line of McLean Enginee: 
ing Labs packaged blowers, propelld 
fans, centrifugal blowers, ring fans arm 
accessory items is presented in a ne: 
48-page catalog. All mechanical and ele« 
trical characteristics of each model az 
included with performance curves ar 
engineering drawings. A special section 
devoted to basic design information fc 
ventilating electronic equipment usir 
forced-air cooling. Mathematical formule 
and graphs are provided for problem 
pertaining to cooling solid state circuiti 
or tube assemblies. 

Circle 180 on Reader Service Card 

Monitor Products Company, Inc., a 
nounces its new 4-page booklet on “Ho: 
to Specify Component Ovens.” Th 
booklet contains and explains all of tk 
requirements necessary to specify over 
to control the temperature of crystal 
oscillators, transistors and other tempe! 
ature-sensitive components. Included 
a thermostat characteristics chart show 
ing the capabilities and limitations « 
various thermostats. Specifications on | 
Monitor standard ovens are also include 
to aid in selecting the proper oven. 
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Jersonnel Notes 


(from page 67) 


ig 


Robert R. Jay has been named manager 

f£ product marketing of the Transistor 
Vivision of the Sprague Electric Com- 
any, it was announced by Albert B. Dall, 
narketing manager. Mr. Jay was pre- 
fiously with General Electric Company 
vhere he was district sales manager for 
emiconductor products in the Long 
sland, New York area. 


Anchor Alloys Inc., announced the ap- 
ointment of Jerry G. Holecek, a research 
*hemist and expert on polyester and 
spoxy resins, as director of newly estab- 
ished research facilities in the company’s 
lant at 968 Meeker Avenue, Brooklyn. 
Primary objective of the department in 
sxploring plastics technology is the man- 
ifacture and marketing of compounds 
dased on resins and polysulphides, ac- 
cording to Herbert Drapkin, president. 


Guy W. Wilson has been named re- 
Zional sales manager for the Industrial 
Products group of Texas Instruments In- 
sorporated, O. F. Henning, marketing 
manager, announces. Mr. Wilson will be 
in charge of the group’s Mid-America 
region with headquarters in Chicago. He 
has been with TI for four years and was 
formerly a district sales engineer for the 
zompany in Cleveland and Chicago. 


Alfred J. Giradot, Jr., formerly mar- 
keting manager for the Evanston, IIl., fa- 
silities of the Semiconductor Division of 
Hoffman Electronics Corporation, “has 
been promoted to director of marketing 
for the entire division, T. S. Hoffman, 
vice president and division manager, an- 
nounced. Previously, Mr. Girardot was in 
marketing for three years with Texas In- 
struments Incorporated, at Dallas, where 
his last position was product marketing 
manager for silicon controlled rectifiers in 
the Semiconductor Components Division. 


Lester Avnet, president of Avnet Elec- 
tronics Corporation, announced that Don- 
ald A. Davis has been appointed assistant 
to the president. Mr. Davis has long been 
associated with the electronics and aero- 
nautics industries. He was previously 
with Cannon Electric Company for 19 
years. Mr. Davis will make his head- 
quarters at Avnet’s executive offices in 
Westbury, Long Island. 


Gordon L. Ness has been named to the 
new position of Instrumentation Market- 
ing Manager for Fairchild Semiconduc- 
for. He will report to Thomas H. Bay, 
Director of Marketing. Mr. Ness pre- 
viously supervised 20 west coast sales en- 
zineers on automation equipment and 
processes for Howe Scale, a Division of 
Fairbanks-Morse of Canada, Ltd. 


Dr. Maurice L. Torti has been pro- 
moted to the post of director of metal- 
lurgical research for the Metals Divi- 
sion of National Research Corporation. 
He is a graduate of Massachusetts Insti- 
tute of Technology and has specialized 
in physical metallurgy, particularly in 
the development of vacuum melting, al- 
oying and fabrication of refractory ma- 
ferials. Dr. Torti joined NRC in 1956. 


YOU CAN SPECIFY 


—Electron Mobilities up to 800,000 cm?/yolt - 
sec (78°K). 

—Net Carrier Concentrations from 10% to 108 
em A7o 1): 


—Single and Polycrystalline forms doped to your 
specifications. 

—Circles, rings, rectangles and bars—made to 
precise tolerances. 


SPECIAL PACKAGING 


To prevent in-transit damage to electronic 
properties, your order of Indium Antimonide will 
be sealed in polyethylene and shipped in shock- 
proof containers. Fabricated shapes are suspended 
in an inert liquid. 


RESEARCH SERVICE 


Our research and development program is can- 
tinually expanding the range of Indium Antimonide 
products you can order. We invite your enquiries 
on advance specifications. 


Contact us first for the widest range of high quality 
Indium Antimonide products available. 


COMINCO PRODUCTS,INC. 


ELECTRONIC MATERIALS DEPARTMENT 


933 W. Third Ave., Spokane, Washington 
Phone: Riverside 7-7103 TWX: SP311 


ULTRA-PURE METALS AND ALLOYS: Aluminum * Antimony * Arsenic * Bismuth * Cadmium 
Gold * Indium * Lead * Silver * Tin * Zinc. COMPOUND SEMICONDUCTORS: Indium Antimonide. 
STANDARD FORMS: Ingots * Bars * Rods * Ribbon * Sheet * Shot * Powder * Wire. 
PREFORMS: Discs * Dots * Squares * Spheres * Wafers * Washers. CHEMICALS: Salts + Solutions. 
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Graphite Facts 


by George T. Sermon, President 
United Carbon Products Co. 


You're our beneficiary! 


That’s right... if you’re a United 
customer, you're a beneficiary of 
our insurance. Dun and Brad- 
street can supply the figures. 


Take fire insurance. If despite all 
our modern protective devices 
and fire fighting equipment, 
United had a major fire, our in- 
surance would make it possible 
to resume normal operations in a 
relatively short time. That’s how 
you are our insurance beneficiary. 


As a customer, you know your 
supply of vital graphite parts will 
be, at most, temporarily delayed. 
By comparison, fire in some 
shops might well mean their end. 


On occasion, we have been asked 
why our quotes for pilot quanti- 
ties of an item like graphite boats 
are somewhat higher than those 
of a job shop? A part of the dif- 
ference is the premium we pay 
for insurance that,makes you the 
long term beneficiary. 


However, for production quanti- 
ties of the same item, United’s 
quotes will be competitive with 
anyone. Our ability to tool up 
for large orders cuts the unit cost. 
It’s exactly the same as with your 
pilot run devices and your pro- 
duction line units. 


Moral: Wise management checks 
D&B for financial soundness of 
both customers and suppliers. 


HEE carbon products co. 


BOX 747 BAY CITY, MICHIGAN 
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INDEX TO 
ADVERTISERS 


For reference purposes, the advertisers 
index includes all regular advertisers 
who have run within the current con- 
tract year. These advertisers who appear 
in this issue are indicated by the page 
number adjacent to their listing, and are 
shown in a bold-face type. 


AA COUSTICAD . oo inntieis cha po isiote oredniovolets 
Advanced Vacuum ............- 65 
Allegheny Electronic Chemical 
Company 
Allied Chemical Corporation 
General Chemical Division 
Cover II 
Allied Radio Corporation 
Alloys Unlimited Incorporated .. 6-7 
Alloys Unlimited Chemicals 
Incorporated 
Alpha Metals, Incorporated 
Art Wire & Stamping Company . 70 


Baker, J. T. Chemical Company 8-9 
Barber-Colman Company 
Wheelco Industrial 
Instruments Division .......... 19 
Becco Chemical Division Food & 
Machinery & Chemical 
Corporation 
Bell Telephone Laboratories ..... 24 
Blue M Electric Company 
Brady, W. H. Company 
Bronwill Division of Will 
Corporation 
Burke & James, Incorporated 


Carborundum Company ......... 

Charleston Rubber Company 

Cohn, Sigmund Corporation ..... 

Cominco Products, Inc. .......... 6 

Consolidated Reactive Metals, 
Incorporated 

Crane Packing Company, 

Lapmaster Division ........... 4 


© ot 


Davies-Shea, Incorporated ...... 
Delta Design, Incorporated 

Despatch Ovens Company ...... 57 
Dow Corning Corporation ...... 11 
Duramic Products, Incorporated 55 
Dynatran Electronics Corporation 


Eagle-Picher Company, The 
Eisler Engineering Company, 

Incorporated 
Electro Impulse Laboratory 
Electronic Engineers Master 

70, 71, 72 

Electronic Metals and Alloys, Inc. 20 
Elinex 
Engelhard Industries, 

Incorporated 
Epoxy Products 
Espey Manufacturing & 

Electronics Corporation 

Saratoga Semiconductor 

Division 
Ewald Instruments 


Fisher Scientific Company 


(Continued on page 71) 


LOOKING FOR 
TRANSISTORS? 


Turn to section 4800 


eem — ELECTRONIC ENGINEERS MASTER 


Let us 
show you 
how our 
precision 
wire forms 
CUT 
COSTS! 
TERMINAL 
LEADS FOR RESISTORS, DIODES, 
TRANSISTORS, CAPACITORS, ETC. 


Send a 
sample or blue print 
for estimates. 


When Art Wire tackles the job, big gains in 
precision and uniformity. are possible on 
small components. . . resulting in big sav- 
ings in time and production costs, In addi- 
tion, Art Wire's modern production methods 
produce a wide variety of components more 
economically. 

Art Wire specializes in wire forms designed 
for today’s automatic production lines . . . 
manufactured to assure the economy of an 
uninterrupted work flow. a 


ART WIRE AND STAMPING CO. 


29 Boyden Place, Newark, N.J. 
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FOIL-DICE BONDER — Equipped with new 
automatic foil feed and indexing heat 
columns, machine positions and bonds 
both foil and dice on semiconductor 
headers. K&S Model 604 (not shown) 
available without foil feed. 


K&S MODEL GO4FF 


for precision bonding 
of foil and dice 


Inherent design of this precision 
equipment cuts time and cost, gives 
high output in positioning and 
bonding of foil and microcompo- 
nents to semiconductor headers. 


WM Carries foil of specified width 
and thickness; automatically feeds 
and cuts foil to exact pre-deter- 
mined length 


™@ In sequence, (1) picks up foil, 
(2) positions it on header, (3) 
picks up component, (4) positions 
it on foil, (5) bonds 


HM Positioning on header, heat and 
force of bonding hammer pre-set 
with positive controls 


MH Geneva movement rotary table, 
equipped with 2 heat columns and 
2 component trays, operates on 
planned cycle of 10 to 20 seconds 


H Entire operation under constant 
visual control (B&L Stereo-Zoom 
microscope optional) and pro- 
tected by cover of forming gas 


For additional information about 
K&S equipment — including 
probes, scribers, dice mounters, 
wire bonders, micropositioners and 
microcircuit machines — 

write or call... 


KULICKE 


and SOFFA 
MANUFACTURING CO. INC. 


te 


401 NORTH BROAD ST, 

PHILADELPHIA 8, PA. 
WAInut 5-4270 

Direct Distance Dial Code; 215 


Pioneer Designers and Builders 
of Equipment 
for the Semiconductor 


and Microcircuit Industries 
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Garner, T. H. Company 


Harvey Radio Company, 
Incorporated 

Hayes, C. I. Incorporated 

Hevi-Duty Electric Company .... 

Hughes Aircraft & Company 

Hunter Tools Company 


Indium Corporation of America, 
The 
Induction Heating 


Johnson & Hoffman 
Manufacturing Corporation ... 

Johnson, Matthey & Company, 
LAC See there 1 ea ire te 1 


Kahle Engineering Company .... 

Kanthal Corporation, The 

Kewaunee Scientific Equipment . 

Kessler, Frank Company, 
Incorporated 

Kulicke & Soffa Manufacturing 
Company, The ‘ 71-72 


L & R Manufacturing Company 

Lafayette Radio 

Lepel High Frequency 
Laboratories 

Lindberg Engineering Company 


Mallinckrodt Industrial Chemical 
Division 
Mann, David W. Company 
A Division of Geophysics 
Corporation of America 
Manufacturers Engineering & 
Equipment Corporation 
Materials Research Corporation . 57 
Marshall Products Company 
Merck & Company, Incorporated 
Electronic Chemicals Division 2-3 
Micromech Manufacturing 
Corporation 
Milgray Covers ITA-IIB 
Minneapolis-Honeywell Regulator 
Co., Semiconductor Division .. 12 
Monsanto Chemical 
Company 
Morganite Incorporated 


Newark Electronics Corporation 64 

New York Air Brake Company, 
The Kinney Manufacturing 
Division 

North Hills Electronics, 
Incorporated 

Norton Company 


Ohio Carbon Company 
Optimized Devices, Incorporated 


Penfield Manufacturing 
Company, Incorporated 


Pereny Equipment Company, 
Incorporated 


(Continued on page 72) 
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epel 


HIGH FREQUENCY 
Juductiou 


HEATING 


most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining aiid for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
Producing progressive crystallization. 


FLOATING ZONE: CRYSTAL POLLING 

The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments. The same basic support, program- 
ming and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 

change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and return the completed 
job with full data and recommenda- 
tions without cost or obligation. 


WRITE FOR NEW LEPEL CATALOG 


Lee NIGH FREQUENCY 
LEPELE |ABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77. N. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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RESEARCH 


Lafayette’s role in your research and development pro- 
gram is more than one of simple logistics. The Lafay- 
ette Industrial Concept supports and expands research 
not only by ensuring an uninterrupted supply of com- 
ponents, but through a continuing Technical Market 
Research program, provides the latest, most vital des- 
criptive data, specifications, application information, 
etc., on the components we supply. 

And now, Lafayette makes available its new 340 page 
1962 electronics catalog, the most complete, most com- 
prehensive electronics catalog ever prepared for the 
engineer, technician or purchasing agent. Thousands of 
items — transistors, special purpose tubes, controls, 
transformers, miniature components, rectifiers, resis- 
tors, capacitors, etc. To receive your copy use your 
reader-service card or write: Lafayette Radio, Dept. 
SPJ-1, 165-08 Liberty Ave., Jamaica 33, N. Y. 


AE AY ETT EE 


Industrial Electronics Divisions 


“ENTERPRISE” NUMBERS IN MAJOR CITIES 


NEW YORK JAMAICA BOSTON 
100 SIXTH AVE. | 165-08 LIBERTY AVE. | 110 FEDERAL st. | 24 CENTRAL AVE 
NEW YORK 13, N.Y. | JAMAICA 33, N. Y, NEWARK 2, N. J. 
worth 6-5300 Olympia 8-5050 Mitchell '3-6868 
TWX: NY 1-648 TWX: NY 4-933 : 


FREE! LAFAYETTE 
1962 ELECTRONICS CATALOG. 


BOSTON 10, MASS. 
HUbbard 2-0311 
TWX: BS-447U 
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Platronics. ..<)... +s.0+10- oe eee 64 
Plenum Press. .....2.-.-:-. Resse) 


Power Designs, Incorporated 
Pure Carbon Company, 
Incorporated 


Raytheon Company : 
General Instrument Corporation 
(Commercial Apparatus & 
Semiconductor Division) 

Test & Production Tools 
Semiconductor Division 

Reid Brothers Company, 
Incorporated 

Royal Zenith Corporation ....... 21 


Schweber Electronics 
Sandland Tool & Machine 
Company 
Secon Metals Corporation ....... 62 
Semi-Alloys, Incorporated 
Semiconductor Specialties 
Corporation 
Semimetals, Incorporated ....... 13 
Sprague Electric Company Cover IV 
Sylvania Electric Products 
Incorporated 
Parts Division ..............-- 10 


Techni-Rite Electronics, 
Incorporated... £1... hcc esr seine 60 
Tektronix, Incorporated ......... 14 
Temperature Engineering 
Corporation 
Texas Instrument Incorporated 
Trans Electronics Corporation 
Tri-Metal Works, Incorporated 
Trinity Equipment Corporation 
Trygon Electronics, Incorporated 56 


United Carbon Product Company 70 
Unitron Instruments Division of 
United Scientific Company 


Vacuum Tweezer Co., (The) 


Wallson Associates, Incorporated 

Wheelco Industrial Instruments 
Company: 2 :.ds5 sess 5 see 19 

West Instrument Corporation 
Division 

S. S. White Industrial Division .. 67 


WANTED 


Electronic Preducts or Services 
Do you have a product or service used in 
the semiconductor or microcircuit industries ? 
We can represent you. 
As a manufacturer of an exclusive line of 
production equipment, we have established 
direct sales representation throughout the 
United States and in World electronic mar- 
kets. We are seeking allied products and 
services. 
Your reply will be confidential and your 
rights will be protected. 

BOX NUMBER SCP. 
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STATE 


. at factory prices 
ZONE 


Mail this post card today for full information 


ELECTRONIC 


INDUSTRY 


TRADEMARK 
ILGRAY/NEW YORK 


TO THE 


in leading industrial areas 
TWX-NY1-4013 /TELEFAX-FQF 


Enterprise and Zenith numbers 


Complete lines stocked in depth.. 


interested in the following semiconductor products. Please rush 


lete information. 
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| BUSINESS REPLY MAIL 


| MILGRAY—NEW YORK—136 LIBERTY STREET, NEW YORK 6 


SEMICONDUCTOR PRODUCTS 
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| MILGRAY/NEW YORK 136 Liberty Street/New York C 
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Will Be Paid 
by 
Addressee 


single crystal MONSANTO SILICON — float-zone- 
efined with parameters precision-tailored to customers’ 
pecifications—assures these advantages: 


® extremely flat vertical and horizontal resistivity profiles 
@® Excellent crystal structure—no slippage or lineage 


@® Boron level in n type crystals less than 0.25 ppb—for 
minimum compensation effect 


@® Uniform radial and vertical dislocation density 
@® Low oxygen content—less than 1 x 10!© atoms per cc. 


® Uniformly tight diameter control 


row your own? Find out how Monsanto micropure poly- 
rystalline silicon can help boost your ingot yield. Boron 
ontent guaranteed less than 0.25 parts per billion 
typically less than 0.15 ppb). 
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MONSANTO SILICON is being pro- 
duced in this modern multimillion- 
dollar plant—backed by a 60-year 
tradition of ‘‘tailoring’’ materials to 
critical specifications. 


Here, too—and at other R&D facilities 


wee ro) on PI f —Monsanto Scientists and Technolo- 


gists are developing promising new 
semiconductor materials and process- 
ing advances—including new poly 


and single crystal intermetallics. We cordially invite your inquiries. 


MONSANTO CHEMICAL COMPANY 
Inorganic Chemicals Division 
Electronic Chemicals Dept. 4213 
St. Louis 66, Missouri 


Monsanto 


Please send me: [|] Monsanto mono- and polycrystalline silicon 
specifications. [_] Information about new intermetallics. 
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A SIGNIFICANT BREAK-THROUGH 
IN TRANSISTOR TECHNOLOGY... 


GUC 


The Best High-Power, High-Speed Switching 
Transistors Ever Developed Provide the Optimum 
Combination of Voltage, Power, and Speed 


The Sprague ECDC Transistor is the first to combine the optimum 
features of the electro-chemical precision-etch techniques and dif- 
fused collector techniques in one highly-mechanized process. 

The ECDC Transistor meets these 7 conditions for an ‘‘ideal?’ 
transistor: 


1. Very low collector-to-case thermal resistance through the utilization of 
high thermal conductivity material as the collector body, resulting in 
high power dissipation. 


2. Thin base width for high radiation resistance and lower storage time. 


3. Precision-etched emitter pit permits placement of emitter junction at 
proper resistivity for optimum breakdown voltage and frequency response. 


4. High conductivity surface surrounds emitter pit and close emitter-to-base 
spacing results in extremely low base resistance. 


5. Precision-etched collector provides optimum control of collector series 
resistance with attendant low saturation voltage, low storage time, and 
high breakdown voltage. 


6. Low collector series resistance as a result of the use of high conductivity 
material for the mass of the collector area, 


7. The structure and manufacturing processes are suited for automated 
production equipment with immediate in-process feedback. 


SPRAGUE COMPONENTS 


TRANSISTORS INTERFERENCE FILTERS 


CAPACITORS PULSE TRANSFORMERS CERAMiC-BASE PRINTED NETWORKS 
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES 
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 


Circle No. 3 on Reader Service Card 


HIGH TEMPERATURE MAGNET WIRE 


TYPES 2N2099 & 2N2100 
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Diffused-Collector Transistors are espe+ 
cially designed for high current core 
driver applications. They feature excel-| 
lent beta linearity from less than 1 mo 
to over 400 ma, high frequency response: 
and low saturation resistance. The low-height 
TO-9 case is ideally suited to meet equipmen* 
designers’ needs. 


TYPES 2N2096 & 2N2097 


ay Types 2N2096 and 2N2097 are electrically 

identical to Types 2N2099 and 2N2100° 
respectively, except for their TO-31 Case. 
with its threaded stud mounting. 


For complete information on ECDC Tran- 
sistors, write Product Marketing Section,’ 


Transistor Division, Sprague Electric Com- 
pany, Concord, New Hampshire. | 


*Trademark of Sprague Electric Co. 


SPRAGUE 


THE MARK OF RELIABILITY 


‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co. 


